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DESGRIPHI ON MAGNETI C HEAD AND MAGNETI C HEAD MANUFACTURI NG METHOBS5/11
TECﬁNiCAL FI ELD - The present invention relates to a magnetic

di 8k™ appar at us and manuf acturing techni ques therefor and in particular

to a nmethod of manufacturing a low flying= 1 5 height thin-filmmagnetic

head having non-linear rails as wel | as shape/structure of a magnetic
head slider. More particularly, vention is concerned with

a processing nethod of renoving paﬁpgggﬁgﬁég re- deposited during a
dry-etching process of ceramcs and the like of 10 a |ow etching rate and
hence a thin-fil mnagnetic head suited for ensuring stably a low flying

hei ght whil e REARHEE 10 HES Garts ARG HBAD M RIF AR GG Wik Pigod he

sane.

TECHNICAL FIELD
The present invention relates to a magnetic
disk apparatus end manufacturing techniques therefor and
in particular to a method of manufacturing a low flying-
5 height thin-film maghetic head having non-linear rails as
well as shape/structure of a_magnetic head slider. More
particularly, the present invention is concerned with a
processing method of removing particulates re-deposited
during a dry-etching process of ceramics and the like of
10 a low etching rate and henee a thin-film magnetic head
suited for ensuring stably a low flying height while
preventing head crash and a method of manufacturing the

same.

BACKGROUND ART

15 Recording density of the magnetic disk appara-
tus increases rapidly from year to year, which in turn
brings about necessarily a demand for redﬁction in the
flying height of the magnetie head. Figure 10 is a view
for illustrating a flying state of.a magnetic head,

20 wherein a magnetic head 1 1ncludes a. floatlng surface 2,
a tapered portion 4, a magnetlc element 5, an air-stream

entrance end 7 and an air-stream exit end 8 and is sup-



BAQKGROUND ART 15 Recordi ng density of the magnetic disk

appar a- * tus increases rapidly fromyear to year, which in turn

bri ngs about necessarily a demand for reduction in the flying height of
the magnetic head. Figure 10 is a view for illustrating a flying state
of a magnetic head, 20 wherein a magnetic2head 1 includes a floating
surface 2, a tapered portion 4, a magnetic elenent 5, an air-stream
entrance end 7 and,an. air-s m_exi,t e 8 d is.sup- .
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7, flowng along the rail
5 other. When a rotatlpn speed of the magnetic disk has
attained a predetermined value, an air bearing slider
mechanism is formed by an air stream 40 entering from the
air-stream entrance end 7, flowing along the rail 3 and
leaving the head from the air-stream exit end 8, whereby
10 a floating force is generated and thus the flying height
12 is determined by coaction of a push-down force exerted
by the leaf spring 10 an the floating force. It is one
of the importént problems to decrease not only the flying
height 12 but also variation or difference in the flying
15 height ascribable to difference between the peripheral
velocities of inner and outer peripheriés of the magnetic
disk.
Figure 11 is a view showing a conventional
magnetic head slider known heretofore and a brocessing
20 method for the same. The conventional magnetic head
slider is provided with linear rails 3 which are formed
heretofore by a machining process carried out by using a
grinding wheel 27. Figure 14 shows relations between the
peripheral velocity and the flying height. 1In the case
25 where the linear rails are employed,_the flying height is
| within a rénge of ca. 140 to 200 nm when the disk is
'operated at the peripheral velocity ranging from 15 to

35 m/s, wherein difference of the flying height between



IeaV|ng-the head fromthe air-streamexit end 8, whereby 10 a floating
f.orce is generated and thus the flying height 12 is determ ned by
‘coaction of a push-down force exerted . by the | eaf spring 10 an the
flioating force. It is one of the inportant problens to decrease not
only the flying hei ght 12 but al so varBation or difference in the
flying 15 height ascribable to difference between the peripheral
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and the flying hﬁégeaselahéb@ ¢AseliReavhene1tharki anplofall, s taeewedrhoyed,
the flying height is hin a range of ca. 140 to 200 nm when the disk

i s oper agedod@t thaeraﬂl ahar ghev el géngyheaghitnbehtrom proportiondd n's,
mhereln difference of the flying height between
relation to each other, and it is des1rable to decrease
the rail width in order to reduce the flying height.
However, in the portion at which the magnetic elements 5
are formed, as can be seen in Fig. 11, the rail width
10 needs to accommodate the width of the magnetic element 5.
Consequently, limitation is necessarily imposed onto the
diminution of the rail width.
Such being the circumstances, an inclined
surfacé referred to as the chamfered portion is formed at
15 each of corner portions of the rails 3 along which the
aforementioned air stream flows in an effort to realize
reduction of the flying height as well as suppression of
the variation thereof, as is disclosed in U. S. Patent
No. 4,673,996. The inclined surface is so implemented
20 that the angle formed relative to the floating surface is
" from 0.5 degree to 2 degrees and that the ratio of the
area occupied by the chamfered portion to the area of the
rail is from 12.5 to 22.5%. As an example of the cham-
fered portion, there can be mentioned one having a width
25 on the order of 10 pym and a height of 2 um.
| Furthermore, by.decreasing the width of a
portion of the raii 3, reduction of the flying height as

well as suppression of the variation thereof is realized,



-3 - =+ the inner and outer peripheries of the disk anbunts to ca.
" 60 'nm whi.ch nmeans that the flying height has a great dependency on the
peripheral velocities. Furthernmore, in the case where the linear rails
are enployed, the width 5 of the rail and the flying height bear a
proporti onal relation to each other, anfl +t is desirable to decrease
the rail width in order to reduce the flying height. However, in the
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i s disclosedsi ninl dradasedyy from the dntran886endheowsrdi thd exitaend,s so
i npl emented 20 that the angle forned relative to the floating surface is
reduction of the flying height as well as suppression of
the variation thereof is realized, as is disclosed in
Japanese Unexamined Patent Application Publication
No. 188479/1992. By providing the chamfered portion in
10 this manner, the flying height can be reduced so as to
fall within a range of ca. 80 to 120 nm at the peripheral
lvelocity of 15 fo 35 m/s and at the same time the varia-
tion or difference in the flying height between the inner
and outer peripheries of the disk is suppressed to ca.
15 40 nm. | |
In recent years, as the most effective means
for reduciﬁg the flying height, there are increasingly
adopted a method of using the rails of non-linear shape,
as is disclosed in Japanese Unexamined Patent Application
20 Publication No. 276367/1992. An example of the magnetic
head having-the non-linear rails is shown in Fig. 12. 1In
the case where the non-linear rails of this type are
employed, the flying height can be suppressed to a low
level within a range of ca. 60 to 75'nm when the disk is
25 operated at the peripheral velocity ranging from 15 to
35 m/s, wherein difference of the flying height between
the inner and outer peripheries of the disk is reduced to

‘'ca. 15 nm, as can be seen in Fig. 14. The rails of the



from 0.5 degree to 2 degrees and that the ratio of the area occupi ed
by*the chanfered portion to the area of the rail is from1l1l2.5 to
'22.5% As an exanple of the cham fered portion, there can be
mentioned one having a width 25 on the order of 10 pm and a hei ght of 2
pm Furthernore, by decreasithg the width of a portion
of the rail 3, reduction of the flying height as wel | as suppression
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of the flying hel ~as well as suppression of the variation thereof
is realized, as jfedh SHOBehd Hescrivipamse UnaidnisetbRateftedipie cati on
Publi cati on No. 188479/1992. By providing the chanfered portion in

5 particularly for suppressing the variation of the flying
height ascribable to the difference in the peripheral
velocity between the inner and cuter peripheries of the
disk. Accordingly, by forming the chamfered portion in
the rail of the non-linear shape which by itself exhibits

10 +the desired effect equivalent to or more than the linear
rail provided with the chamfered portion, it is expected
that the floating characteristic can further be enhanced.
Thus,.in view of the flying height and the excellent
stability as realized, it is necessarily required to

15 distinguish strictly the rail of the non-linear shape
provided with the chamfered portion and the rail of the
non-linear shape provided with the chamfered portion from
each other. In the current state of the art, the struc-
ture in which the rail of the non-linear shape is provid-

20 ed with the chamfered portion is not known. By employing
the rail of the non-linear shape, there can be achieved
sufficiently the effects of reducing the flying height
and suppressing the variation of the flying height, and
it is expected that the floating characteristic can

25 further be improved by providing a minute chamfered
portion, which in turn however means that realization of
optimal geometry of the chamfered portion requires fine

and high-precision process when compared with the head



1tahisﬁnanner, the flying height can be reduced so as to fall within
a range: of ca. 80 to 120 nm at the peripheral . velocity of 15 to 35 nis
‘and at the same tine the varia- tion or difference.in the flying

hei ght between the inner and outer peripheries of the disk is
suppressed to ca. 15 40 nm - 61n recent years, as the nost
effective neans for reducing the flying height, there are increasingly

adopted a nethod of usjng the rails of non-linear shape, as is
di scl osed in JARHRS U?‘éxﬁ?r’rjn%oo%’avé‘?‘ltfﬂ%ﬁ ng??%%- 20 Publication No.
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| evel within a Tange o nm when the disk is 25 operated at
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Application Publication No. 9656/1985. As can be seen in
Fig. 10, the flying height at the air-stream exit endlB
is small when compared with the flying height at the air-
'stream entrance end 7, and thus the air-stream exit end 8

10 is more likely to contact the magnetic disk 11. For this
'reaéon, it is desired that the geometry of the air-stream
exit end 8 of the magnetic head 1 be smooth for protect-
ing not only the magnetic disk 11 but also the magnetic
head itself against injury. To this end, the chamfered

15 portion is provided. In order to realize the effects
mentioned above with the rails of the non-linear shape,
there is demanded realization of the non-linear rails
strictly with high precision as described hereinbefore in
conjunction with the effect affecting the floating char-

20 acteristics.

A process for fabricating a magnetid head
having rails of non-linear shape will be elucidated by
reference to Fig. 13. After forming the magnetiq element
5 in a substrate of the alumina titanium'carbidé 13, a

25 typical substrate material, the substrate is cut into
head blocks 14 each including a plurality of sliders,
whereon the floating surface 2 is formed by grinding or

polishing to a predetermined dimension (a), a protecting



1-5 A 5 non-|inear shape can ensufe the flying height reducing

ef fect equivalent to or nore than that attained by the structure in

whi ch the chanfered portion is formed in the linear rail; as described
above, and is very effective 5 particularly for suppressing the variation
of the flying hei ght ascribable to the @i fference in the peripheral

vel ocity between the inner and outer peripheries of the di sk.
Accordingly, by form pg.the chanfered portion.in the rail of the
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rail of the non-[inear shape provided with the chanfered portion from
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the rail .of the non-linear shape is provid- 20 ed wth the chanfered
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(£f) to realize magnetic heads 1' such as shown in
- Fig. 12. Because the step (d) of forming the rails on

the floating surface can not be carried out by the con-

10 ventional machining process using a grinding wheel due to
the non-linear shape of the rail, there is ordinarily
adopted the etching process such as reactive ion etching,
plasma etching, sputter etching and ion milling etching
process. Since alumina titanium carbide forming the

15 substrate has a very low reactivity with the etching gas,
the etching process is realized primarily by resorting to:
a physical removal effect based on high-energy ion im-
pact. Consequently, all the particulates sputtered by
the physical etching are not always sucked into the

20 wvacuum pump but éome part of the sputtered particulates
is deposited on the mask material and side walls of the
alumina-titanium-carbide substrate, as is -illustrated in
Fig. 5 at (a). This phenomenon will be referred to as
the re-deposition. The re-deposited particulates 19

25 remain in the form of projections even after the removal
of the resist 16 serving as the mask, as shown in Fig. 5
at (b). To remove such re-deposition, there is disclosed

in Japanese Unexamined Patent Application Publication



'sutficiently the effects of reducing the flying height and'suppressi ng

t.he .vartation of the flying height, and It Is expected that. the
floating characteristic can 25 further be inproved by providing a mnute
chanf er ed portion, which in.-turn however neans that realization of
optimal geonetry of the chanfered portion-r&quires fine and
hi gh- preci si on process when conpared with the head -
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air-streamexit end:% 10 is nore likely to contact the nagnetic disk 11.

For this 5 No. 109668/1993. According to this method, the etching
proceés is carried out at first with the argon ion beam
with the angle of incidenqe which is not greater than 5
degrees and subsequently the re-deposited particulates
are removed by setting the angle of incident of the ion

10 beam at least at 30 degrees. Further, in Japanese Unex-
amined Patent Application Publication No. 13357/1994,
there is disclosed a méthod of removing the re-deposited
particulates by carrying out an isotropic plasma etching
in succession to the ion milling process.

15 When the re-deposition takes place in the
course of processing of the magnetic head slider, the
re-deposited particulates will remain on the floating
surface.of the slider rail of the magnetic head notwith-
standing of removal of the'mask material after the etch-

20 ing process, giving fise to problems that the magnetic
disk may be injured by the re-deposited particulates upon
starting and stopping of the magnetic'head, the
re-deposited particulates may fall during operation of
the magnetic disk apparatus, providing a cause for fault

25 and so forth. Besides, in view of the fact that the
flying height decreases from year to year, the height of
the re-deposition as measured from the floating surface

may become comparable to the flying height, exerting



reason,;it is desired that the geonetry of the air-stream exi't end 8 of
t.he -magnetic head 1 be snmooth for protect- I ng not only the magnetic

di sk 11 but also the nagnetic head itself against injury. To this end,
the chanfered 15 portion is provided. In order to realize the effects
mentioned above with the rails of the non=l?nzar shape, there is
.demanded realization of the non-linear rails strictly with high

preci sion as described, herei fore i conj 110 ' efke
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elycidated'by erence to Fi : ter formng the magnetic el ement
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substrate nmaterial, the substrate s cut into head bl ocks 14 each
i ncluding a p|U{gbhtdf0£h§|fdeaépositiombereon the floating surface 2 is
formed by grinding or polishing to a predeterm ned di nension (a), a
protecting 5 Although the conventional method of eliminat-

ing the re-deposition by changing the angle of incidence
of the argon beam as described hereinbefore is oné of the
most effective methods for the elimination of the
re-deposition, it is impossible to eliminate the

10 re-deposition in the etching process carried out by
resorting to the ion milling or the like of ceramics such
as alumina titaniﬁm carbide, the typical material for the
substrate of the magnetic head slider, the reason for
which will be described below. Referring to Fig. 21,

15 formation of the re-deposition will be described in the
case where the ion milling process is pefformed for the
alumina-titanium-carbide substrate by using an argon gas
with a resist being used as the mask material. Figure 21
is a conceptual view illustrating the formation of the

20 re-deposition, in which reference numeral 16 denotes the
resist, 13 denotes an alumina-titanium-carbide substrate,
19 and 19a denote re-deposited particulates, and 39
denotes an ion beam. When the resist 16 and the alumina-
titanium-carbide substrate 13 are irradiated with the ion

25 beam, emission of fine particles or particulates of
respective materials takes place under the effect of
bombarament of ions. Some of the fine particulates as

emitted are suspended in the atmosphere within the wvacuum



film15 is fornmed on the floating surface by .sputtering, CVvD or the

l.i ke process (b), resist 16 serving as a mask for formng the rails is
‘applied, a resist patternis formed through |ithography (c), rails are
t hen forned on 5 the floating surface through an etching process (d) and
(e), and the product is then cut into incivi®fdual sliders (f) to
realize magneti c heads 1' such as shown in Fig 12. Because the step
(d) of forming the rails on
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resorting to physi cal renoval effect based on high-energy ion im
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etching are not always sucked into the 20 vacuum punp but sone part of the
sputtered partiguhRifa-titaniamdeppbifiedsohsthetenwklinremaih andtbede

wal | s of the alum na-titani umcarbi de substrate, as is illustrated in
surfaces, being deposited, while some of the fine

particulates will be emitted again, wherein the probabil-
ity of the deposition depends on the processing condi-

10 tions such as energylof the ion beam, species of the
materials to be processed and others. It is bélieved
that in the case of the process in which the ion beam.of
high energy is employed as in.the case of the ion mill-
ihg, the deposition likelihood is high, approximating to

15 1 (one). Consequently, in the course of the processing,
fine particles or particulates of the alumina-titanium-
carbide substrate or the resist or mixture of these two
materials will constantly exist, being deposited on the
surfaces of the resist and the alumina-titanium-carbide

20 substrate.

At this juncture, ion milling rates for alumi-
na titaniuﬁ carbide and the resist are illustrated in
fig. 22. The ratio of the ion milling rate for the
resist to the ion milling rate for the aiumina—titanium-

25 carbide substrate (hereinafter this ratio will be re-
ferred to as the selection ratio) lies within a range of
ca. 0.3 to 0.5, although this ratio will change in depen-

dence on the angle of incidence of the ion beam, which

\



Fig.’5 at (a). This phenonenon will be referred to as t he
re<deposition. The re-deposited particulates 19 25 renmain in the form of
‘projections even after the renoval of the resist 16 serving as the
mask, as shown in Fig. 5 at (b). To renove such re-deposition, there

I s di scl osed I n Japanese Unexam ned -Pdtlent Application Publication

- 8 - No. 109668/1993 a method of elim nating the re- deposition by
changi ng the angle at which an argon | on beam i
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Further, in Japanese Unex- am ned Patent Application Publication No.

13357/1994 5 carbide adhere to the side wall of the resist, as can be
seen in Fig. 21, the portion of the resist covered by thé
re-deposited particulates 19 undergoes the ion milling at
lower rate when compared with the surrounding resist
portion, resulting in formation of concave/cénvex sur-

10 face. When deposition of the fine particles or
particulates on the concave/convex surface is repeated, a
re-deposition layer is formed, as can be seen in Fig. 5
at (a).

Since the method described above is so de-

15 signed as to eliminate the re-deposition by increasing
the energy of the ion beam incident on the side walls of
the resist and the material being processed by changing
the angle of incidence of the ion beam, it must be possi-
ble to indrease the incidence angle of the ion milling on

. 20 the way of the ion milling for processing the alumina-
titanium-carbide substrate. When the incidence angle of
the ion beam is selected greater than 60 degrees inclu-.
sive, the rate at which the re-deposited particulates on
the side walls ére etched becomes higher than the rate at

_ 25-.which the re-~deposition occurs on the side walls. Ac-
cordingly, the re-deposited particulates must theoreti-
cally be removed. However, in the case of the processing

for the alumina-titanium-carbide substrate,



there is disclosed a nethod of renoving the re-deposited particul at es
by carrying out an isotropic plasma etching I n succession to the ion
‘mlling process. 15 When the re-deposition takes place in the
caurse of processing of the magnetic head slider, the re- deposited
particulates will remain on the floating- 12 surface of the slider rail of
the magneti c head notwt h- standi ng of renoval of the mask materi al
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5 descried hereinbefore. The re-deposited particulates 19a
adhering to the concave portions forming in part the
roughness can never be removed because the re;deposited
particulates are not exposed to the ion beam unless the
incidence angle of the ion beam is set at 90 degrees or

10 more. However, when the incidence angle of the ion beam
is set higher than 90 degrees inclusive, the whole side
walls will then be located within a shadow area of the
resist, being not exposed to the ion beam. Consequently,
the ion beam can not impinge onto the side wall. Such

15 processing conditions are impracticable."

The roughness of the side wall can be ex-
plained by the fact that the selection ratio between the
resist and the alumina-titanium-carbide substrate is
poor. If this selection ratio is on the order of 1

20 (ohe), neither the roughness nor the re-deposition can
take place. However, at preseﬁt, the resist permitting
such low processing rate which is substéntially equal to
that of alumina titanium carbide is unavailable. In the
conventional alumina titanium carbide processing known

25 heretofore, the incidence angle of the ion beam is ini-
tially set at 45 degrees with the processing rate also
being set high, and when the processing proceeds to fhe

state approaching a desired processed state, the inci-



severe i,nfluence to the very floating performance of the magneti c head.
Under the circunstances, there has arisen a demand for devel opnment of

t he process for the elimna- tion of the re-deposition. 5

Al €hough the conventional nethod of elim nat- ing the re-deposition by
changi ng the angl e of incidence of the &Bgen beam as descri bed

herei nbefore is one of the nost effective nethods for the elinination

~of the re-d p05|t|on I S 1.NpQs le to elim nate the
re-deposition i Elef‘ﬁ’@ arg end'sprs&te§§ ?5 %}" fr°§§51“(9 5% o the

the typi cal’ mat EEPEVAoPY EE 18 és?esei’sﬁ%g @fa%%ﬁ%u#%%% R a%aéi"r e
reason for g%%'& Wslg g %%%&Q%‘& gﬂscrl @efi%rcridh@glcteo e &b

formation of th epo itro ed 1n case J%ere t he
ion mlling proQesgeytald,§ @ @%Q;nﬁ&cﬁa?& amoun® WH Rdel lz{eaabgwsqacréa de

substrate by using an argon gas a resist being used as the mask
material . Fi gur @azticulates @a@prm@ewwﬂ@deww lhies isidlel R@1ttlae offoryrRs | on of
the 20 re-deposition, in which reference numeral 16 denotes the

resist, 13 denotresizt andrithe taltumdnartdaanicgn -caerdtidet eubstratd) axd ia
denote re-deposited particul ates, and 39 denotes an ion beam Wen the
resist 16 and tiskoatnudnn&Fig. 23 at (a), while in the processing with the

incidence angle of the ion beam set at 75 degrees, a
large part of the re-deposited particulates can be re-

10 moved, as is illustrated in Fig. 23 at (b). However, for
the reasoﬁ mentioned hereinbefore, some part of the
re-deposited particulates will yet rémain in the adhering
state, and even after the removal of the resist, a very
small amount of re-deposited particulates continues to

15 remain unremoved, as is illustrated in Fig. 3 at (c).

The minute amount of re-deposition which can not be
eliminated even when the incidence angle of the ion beam
is changed in the ion milling process presents a serious
problem, and there exists a demand for deveioping the

20 method capable of removing the minute amount of
re-deposited particulates.

On the other hand, the method of eliminating
the re-deposition by resorting to the use of isotropic
plasma etching is primarily for a thin-film process and

25 effective for a semiconductor process for which a iela—
tively small amount of processing is required. However,
the amount of processing involved in fabrication of the

magnetic head slider is large and at the same time the



titani um carbide substrate 13 are irradiated with the ion 25 beam
entssion of fine particles or particul ates of respective materials
‘takes place under the effect of bonmbar dnent of ions. Sonme of the fine
particul ates as emtted are suspended in the atnosphere within the
vacuum - 14 - 10 - chanmber to be
ultimately discharged into a vacuum punp, whi |l e sone of the

particul ates collide against the sur-, faces  of

; t h | st t
al utrﬁ nal-t i t ani lﬂﬂ%‘ﬁrtmd the rgplgRogitiog, #5 §I4HY ?Lnarezegzédft i’%[lgss’ géfahe
particulates 5 _collidi ~agaj nst, .t f . ' t
Sl umi na- Ej i taﬂi rﬂﬂqyﬁ'&%ﬂﬁi%sa‘i f%%télqr/\}fﬁsaq{ee%;aﬁﬁ lﬁ]cﬁ%s%daséﬂesur ac{,tgfm-bei ng
eposited, ile s f L cul |14 ' in,
Gepost 19, Ui L SO, Ul 4 Mesa s St 0 emigtes el .
condi - 10 ti ongSHALEHENGHYY e Migrid¥i PaEd WIS tHat Rthe rail

materials to be processed and others. 1t is believed that in the case

of the process yjimtMifin thee i@fodaaMath bear close relation to the
flving height. Conseqﬁently, very severe precision
requirement is imposed on the processing. In this con-
junction, it is noted that with the isotropic etching
process which allows a relatively large amount of materi-

10 al to be etched away from the side wall, not only varia-
tion in size but also in the shape is remarkable. Thus,
the isotropic etching process can not be applied for
forming the magnetic head slider.

Thus, there exists a demand for developing a

15 re-deposition eliminating method which is capable of
eliminating completely the re-deposition not only from
the floating surface but also from the side wall portions
of the rails and thch can assure negligibly small dimen-
sional deviations of the rail.

20 By adopting the rails of the non-linear shape,
the flying height can be réduced and at the same time
variation or difference in the flying height ascribable
to the difference in resbect to convergence degree be-
tween the inner and outer peripheries of'fhe magnetic

25 disk can be mitigated. However, for further enhancing or
improving the floating characteristics, it is preferred
to form an extremely chamfered portion at the corner

portion of the rail. Besides, in order to mitigate the



hi gh ‘energy is enployed as in the case of the ion mll- ing, the
deposition |likelihood is high, approximating to 15 1 (one). Consequently,

in the course of the processing, fine particles or particul ates of the
al um na-titani um carbi de substrate or the resist or mxture of these
t wo materials will constantly exist,-bk%ng deposited on the

surfaces of the resist and the alum na-titaniumcarbide 20 substrate.

At this j t: [ AN t f tanl ar bi de and
the resi St ar o FhegE; MRLER MRy Sccur 85092 ekt ingy 3O e Aol 11| g
rate for the t t n g Jr . he al n i tani um
25 carbide.subsEngg%%% é%ﬁa??gP% tRis ratlg's %g%ﬁggblg %o f%gh#3¥%%d to as
the sel ection réhﬁﬁkekbﬁspg&tc%ﬁ at %ﬂ%ea‘lfr stre ﬁtaexg't3e Qg0 wedht hough

this ratio wll ange 1 n nce on the angle of i1 ncidence of
the ion beam Whhghgize of these cHEAEerbidboReoRs038SEMAd 1" 3he the the

resist is always
5 order of one tenth of the chamfered portion formed in the

rail of the linear shape in the conventional magnetic
head, which requires extremely high processing precision.
In the linear-shaped rail of the magnetic head known
heretofore, such chamfered portion is formed by resorting

.10 to grinding and tape polishing. However, in the case of
the rail of the non-linear shape, such processing tech-
niques will encounter great difficulty in forming the
chamfered portion. Such being the circumstances, there
also exists a demand for developing a processing tech-

15 nique for forming the chamfered portion in the rail of

the non-linear shape with high precision or accuracy.

DISCLbSURE OF INVENTION
For solving the problems mentioned above, it

is taught according to the present 1nvent10n that a

20 polishing process 1s performed after forming the rails of
non-~linear shape on a floating surface by an etching
process. In the polishing process, polishing liguid
containing abrasive greins or polishing liquid containing
no abrasive grains or'water may be used as polishing

25 liquid. It has been found that the polishing carried out
by using a polishing cloth and more preferably non-woven

polyester fabric is effective.



as.:high.,as twice to three times of the processing rate for

al um na-‘titani um carbi de substrate. Consequently, when the re-deposited
particul ates 19 of alumina titanium 5 carbide adhere to the side wall of
the resist, as can be seen in Fig. 21, the portion of the resist
covered by the re-deposited particul at d$ ¥ undergoes the ion nmlling
at | oner rate when conpared with the surroundi ng resist portion,

resulting in formati on of _concave/ .convex r- io ggce. When depqsition of
the fine particles or _BﬁaFPFE§FEPQQu5n%gﬁep8 ne 8PCBH9E?S§QP%§E€ i s
a (o T i te BRLEVRE Hia BedBPriEnaRs 8T 488 ryerobis

. q N i C o by i : . ¢
the Ton beam i riident Sor RECFAR BEbpa8syVal DOREC adacpost A, FOST Y Dl 4

bei ng processed,Ry+£881EL88 adherif§ 889tBe05ih8CHEENSCoPT thACrh@Nsbgam it
nmust be possi - ble to increase the incidence angle of the ion mlling

on 20 the wgy ¢hethgsiob Sahl b80rémbved PCesetRisibes BAEBOARA- removal of
titani um carbi de substrate. \Wen the incidence angl e of the i on beam

i s selected gretherréhdepoitedrpesticulates cansbeecensticedate he abfeb-t he
re-deposited particul ates on the side walls are etched becones hi gher
than the rate ative in any of the case where the polishing liquid con-
taining the abrasive grains or the polishing liquid
containing no abrasive.grains or water is employed as the
10 polishing liquid. Such effect is very significant in
particular when the non-woven polyester fabric is used as
the polishing cloth. By virtue of the complete removal
of the re-deposited particulates through the polishing,.
injury'of the magnetic disk which may otherwise be caused
15 by the re-deposited particulates as well as unwanted
phenomenon that the ré—deposited particulates dfopped off
onto the magnetic disk provides obstacle to the
read/write operation can be positively prevented from
occurrénce, whereby the magnetic disk apparatus ensuring
20 high reliability can be realized for practical applica-
tions. Furthermore, a chamfered porfion formed by a
minute inclined surface or curved surface may be provided
at a corner portion of the rail. Owing to the provision
of such chamfered portion, the flying height as well as
25 the variatiqn thereof can be reduced. By forming the
chamfered portion at the air-stream entrance end 7 as
well, shock the magnetic disk is subjected to upon start-

ing/stopping of operation thereof can be mitigated.



75 mhlch t he re-deposition occurs on the side walls. Ac- : cordingly,

the .re- dep05|ted particul ates nmust theoreti- cally be renoved.
‘However, in the case of the processing for the
aLunina-tLtaniun}carbide substrate, -
12 - concaves/ convexes, i.e., roughredd such as illustrated in

Fig. 2 at (b), make appearance in the side wall, because of significant

difference in the roceSS| the al um na-titani umcarbid
substrate and twl'f Ia‘gr{&!&: %P%,ﬁ}q%%r ei nbefore. The re-deposi {eld ©
parti cul ates 19a adh%tgg £o110E gopeayes; PRRLEARE HOT T RgthBaPaE! the

roughness can never be rend €4 because € re-deposit particul ates

are not exposedyllieniOihdos ueese Nead o116k dRsssrana) colthbe 1on

beamis set at However, when the incidence angle of
the ion beam . odsShEeinth@beon Nefy 902 degrees: dmcthisiiey & heaghotecsi de

walls wll then be [ocated within a shadow area of the resist, being
not exposed %0 héwd | STH deAMIcESTGERg etd | yhe present invention, Fig. 3 is
| a view illustrating a method of manufacturing a magnetic
head slider according to the present invention, Fig. 4 is
a conceptual view'showing a re-deposited particulate
removing polishing process according to the ﬁresent
10 invention, Fig. 5 is an enlarged sectional view showing a
magnetic head slider according to a first exemplary
embodiment, Fig. 6 is an enlarged sectional view showing
. the magnetic head slider according to the first exemplary
embodiment, Fig. 7 is a side elevational view showing the
- 15 ﬁagnetic head slider according to the first exemplary
embodiment, Fig. 8 is a conceptual view showing a flat-
ness correcting polishing process, Fig. 9 is a view
illustrating a method of manufacturing a magnetic head
slider according to the présent invention, Fig. 10 is e
20 view for illustrating a floating state of a magnetic
head, Fig. 11 is a view showing a conventional magnetic
head slider known heretofore and a processing method for
the same, Fig. 12 is_a view showing a magnetic head
slider of the non-linear shape known heretofore, Fig. 13
25 is a view illustrafing a method of manufacturing a con-
ventional magnetic head slider known heretofore, Fig. 14
is a view showing relations between peripheral velocity

and flying height of the magnetic head slider, Fig. 15 is



1the'fonkbean1can not inpinge onto the side wall. Such 15 processing
conditiens are inpracticable. The roughness of the side wal
“can be ex- pl ai ned by the fact that the selection ratio between the
resi st and the alum na-titanium carbide substrate is poor. If this
selection ratio is on the order of 1 20~ &%), neither the roughness nor
the re-deposition can take place. However, at present, the resist
permtting such | ow processing. raje ich,is substantjall qual .to
Phat of aluni nd SoHITARC o BLOTEL veom ThorehS | § TResotie ndaddeliang
alum na titaniumcarbi de processi k h e, nc

angl e of the i o%c%elé%l?% ? i? géégg?i%?%@p]é%{(’y a%rﬂtgég%gégrﬁtéeé%ﬁt lt‘% #’%%gg‘gt
processing rate a&oion, Pf%nglée{s "dlNex 210U Bo L B0 POOESk NenBheRG SIS
to the state approaching a desired processed state, the inci-

- 13 - defIGRa foigedfisPiadP A6E86EEEnd Ofo PET £11 Al NExéMSlary

renoval .of the re-deposited particul ates. Wen the
5 embodiment, Fig. 17 is an enlarged sectional view showing
a magnetic head slider according to a fourth exemplary
embodiment, Fig. 18 is an enlarged sectional view.showing
a magnetic head slider according to a fifth exemplary
embodiment, Fig. 19 is a diagram showing a structure of
10 an ion milling apparatus, Fig. 20 is a diagram showing a
structure of an RIE apparatus, Fig. 21 is a conceptual
view illustrating formation of re-deposition, Fig. 22 is
a diagram showing relation between ion beam incidence
- angle and ion milling rate, Fig. 23 is an enlargéd sec-
15 <tional view showing a conventional magnetic head slider
known-heretofore; Fig. 24 shows SEM photographs of pol-
ishing clothes, and Fig. 25 is a view illustrating rela-

tions between pressures and magnitudes of deformation of

polishing clothes.

20 BEST MODES FOR CARRYING OUT THE INVENTION
In the following, the present invention will
be described in detail in conjunction with exemplary

embodiments shown in the drawings.

(Exemplary Embodiment 1)
25 A first exemplary embodiment of the present

invention will be described by reference to Figs. 1 to 9



'pnacésshng is performed with the incidence angle set at 45 degrees, a
significant anmount of the re-deposited 5 particul ates can be observed on

the side walls of the resi st and the alum na-titani umcarbide
substrate, as is shown in Fig. 23 at (a), while in the processing with
t he i nci dence angle of the ion beam—sd9 at 75 degrees, a | ar ge

part of the re- deposited particul ates can be re- 10 noved, as is
ason_nenti oned

il trated i Fi b f he
hor ornbat or e s BTy o e dBE E i S concep iy | iR BO0LNS st
th dh f h
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presents a serious problem and there exists a demand for devel Opi ng
the 20 nethed s@pedte Bf FLIDYI Blot heomi NheaA Shdbe Oformed &©- €le@osi t ed
particul ates. On the other hand, the nethod of elimnating

the re- dep05|t|f&b$w1mg5@mtfage1otaﬁmr@depa&tiamﬁrﬁpla magnetﬁaseﬁeménblng
is primarily for a thin-filmprocess and
5, an element forming portion 6, an air-stream entrance
end 7, and an air-stream exit end 8, wherein a minute
inclined surface 9 is formed at a corner portion of each

10 of the rails 3.

A process for manufacturing or fabricating the
magnetic head slider according to the present invention
will be described by reference to Fig.'l, Fig. 3, Fig. 4,
Fig. 8, Fig. 9 and Fig. 19.

15 As is shown in Fig. 3, after the magnetic
elements have been formed in an alumina-titanium-carbide
substrate 13, a plurality of head blocks 14 are formed by
cutting the substrate into blocks each 6f a predetermined
size, whereon the head blocks are fixedly mounted on a

20 head block polishing jig 20 to perform polishing for
thereby forming the floating surface 2. Subsequently,
the head blocks 14 are disposed in arrays on a head block
fixing jig 18. A side elevational view of the block as
viewed from the side of the magnetic.element is shown in

25 Fig. 1 at (a). A protecting film 15 is formed on the
floating surface 2 by sputtering, CVD or the like process
(b), resiét 16 is applied and a mask for manufacturing

the rails is formed through lithography (c), the rail



'25;effeqtive for a sem conductor process for which a rel a- tively

smal-l ampunt of processing is required. However, . -t he anount of
processing involved in fabrication of the magneti c head slider is

| arge and at the same tine the - ' - 14 -
anmount of the re-deposition is equally |ar@® -Thus, the above-nenti oned
nmet hod takes an increased tine for form i ng the magneti c head slider.

Besides, it is noted in

h h | der th
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flyi h h .
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materi- 10 al TO be etc away ron1 e sid not [y varri a-
tion in size bub@l sehénibAemeN2PRg! froeaBEkabiRg dhusrgon ghBe(agotropic

et ching process can not be applied for - form ng the magnetic head
slider. 5 Figure 19 is a schematic diagram showing an
ibn milling apparatus known heretofore. in_Fig. 19,
numeral 13 denotes an alumina-titanium-carbide substrate,
28 denotes a specimen holder, 29 denotes a vacuum pump,
30 denotes a specimen exchanging chamber, 31 denotes a
10 permanent magnet, 32 denotes a solenoid coil, 33 desig-
nates microwave, 34 denotes a microwave oscillator, 35
~denotes a gas intrbducing port, 36 designates plasma, and
37 denotes pull-out electrodes. In.the apparatus now
concerned, an ion milling gas is supplied through the gas
15 introducing port 35, while excitation of the plasma 36
'being effectuated by the microwave 33, and ions are drawn
out by the pull-out electrodes 37 under acceleration for
thereby irradiating thé specimen for the processing
thereof. .By way of example, the ion milling may.be
20 carried out under the conditions mentioned below. Argon
is used as the ion milling gas, the flow rate is 10 sccm,
vacuum is 0.2 Pa, the beam current density is 0.8 mA/cm?,
the accelerating voltage is 900 V, the beam incidence
angle is 45°, and the process time is 480 minutes. The
25 groove depth of the rail 3 formed in this manner is
ca. 10 ym (e). The sectional shape of the rail thus
formed is shown in Fig. 5 at (a). The re-deposited

particulates 19 exist over the whole side walls of the



rfhus} there exists a demand for developing a 15 re-deposition elinnating
met hod which is capabl e of elimnating conpletely the re-deposition

"not only from

the floating surface but also fromthe side wall

partions  of the rails and which can assure negligibly small dinen-
sional deviations of the rail. 20 - 21 -By adopting the rails of the
non-1|i near shape, the flying height can be reduced and at the sane
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particulates produced in the course of the ion milling.

The polishing process in this conjunction will be eluci-

-dated below.

Figure 4 is a conceptual view showing a pol-
ishing process of the head block 14. 1In Fig. 4, refer-
ence numeral 14 denotes the head block mounted fixedly on
a head block fixing jig 18, numeral 21 denotes a-rotat—
able chuck, 17 denotes a polishing cloth pasted over the
rotatable turn table 22, ahd numeral 23 denotes a polish-
ing liquid.

A process for removing the re-deposited
particulates produced in the course of the ion milling by
resorting to a re-deposited particulate removing polish- -
ing process according to the invention will be described
by reference to Fig. 4. As can be seen in Fig. 4, the
head blocks 14 secured to the head block fixing jig 18 is
mounted on the chuck 21 and placed on a surface of the
rotating polishing cloth 17 to be thereby caused to move
slidingly and oscillationally in the radial directibn of
the turn table 22 whiie being pressed against the polish-
ing cloth 17 onto which the polishing liquid 23 is sup-
plied.

The polishing process may be carried out, by

way of example, under the conditions mentioned below.

S



’chanfered portion at the air streamexit end as well. The size of
these chanfered portions is snall on the 5 order of one tenth of the

chanfered portion forned in the rail of the linear shape in the
conventional magnetic head, which requires extrenely high processing
pr eci si on. In the linear-shaped rai - @2 the magnetic head known

hegetofore such chanfered portion is fornmed by resorting 10 to grinding

and tape pollshlng However, in the case of . _the rail. of the nopn-ljinear

?hape suEh pr O sf 9&Pt§£§# 22'a %k% 99}%SQ&R§n§}%fhg&gaRa%ﬁf¥g%%%%§ in
ormng the cha ered S h n o t
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For sol ving therﬂﬁobéﬁérscm'@@eps abever 1dted withh ARUEHH1 PEEAEdbAY to the
present invention that a 20 polishing process is performed after form ng
the rails ofs wideW-éf NEGIme@petivd GediDratigh sspéed cobys ammesed) nyhe
process. In the polishing process, polishing liquid cont ai ni ng abrasi ve
grains or polispohtshingipresotee nasgppplied bdHridikRa grheasneanpobishay
be used as pollshlng

ing rate is 80 mm/sec, non-woven polyester fabric is used

as the polishing cloth 17, and a slurry containing dia-
mond grains having particle size of 0.25 um on an average
10 is used as the polishing liquid 23 and dropped or sup-
plied at a rate of 10 m¢/min. The polishing time is 10
minutes. The non-woven polyester fabric used in carrying
out the invention may be, for example, one commercially
available under the trade name "suba 400" (from Rodel
15 Nitta Co.) or "Bakalox CA" (from Baikalox Co.) or
"BELLACE" (from Kanebo Ltd.) or the like having a surface
of a rough nap structure, as can be seen from SEM phbto—
graphs shown in Fig. 24 at (a) and (b). The non-woven
polyester fabric features high susceptibility to deforma-
20 tion when compared with polishing cloth known as "suede-
cloth" formed of foamed polyurethane such as shown in
Fig. 24 at (c).
Figure 25 is a view illustrating relations
~ between pressures and magnitudes of deformation of pol-
25 ishing clothes. As can be seen, the non-woven polyester
fabric "suba 400" undergoes remarkable deformation under
a low load when compared with suede "NF200". In carrying

out the re-deposited particulate removing polishing



'ésaliquld. It has been found that the polishing carried out by using a

polishing cloth and nore preferably non-woven pol yester fabric is
effective. - 16 - By
carrying out the pol i shing process after formng the rails of the
magneti c head slider by resort- I ng-t @3t ke etching process, all the
re- deposited particul ates adhering to the side walls of the rails and

5 the resist can be renmoved._ Such satisfactory renpval  of
re- deposi t ed pRTIGRARAECWHNIE o Shed el R £ ekt is des‘t’r?/%blr% ¥y of

the case where the polishin I|qU| taini t he abrasiyve gralns
or the polishi Mg i d‘c’n" Vc%ht%ﬁc&ry eh LGS \)’5‘%%*& RN r |
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cloth. By virtyg té%? é%] ﬂéﬁ“&@”as to He ﬁ?ﬁ] Ejcient
particul ates throuéh e pol1shing, I njury of e nagnetlc I ch
may otherw s R&PEHEEGiith the side walls of the rails formed through
the ion milling process, for thereby removing all the
re-deposited particulates. Under the polishing condi-
tions mentioned previously, the non-ﬁoven polyester
fabric is caused to deform sufficientiy, whereby the
10 polishing process is performed in the state in which the
non-woven polyéster fabric is placed in contact with the
side walls of the resist and the rail, as shown in Fig. 1
at (f).
A sectional shape of the rail undergone the
15 above-mentioned re-deposited particulate removing polish-
ing process is shown in Fig. 6 at (a). Comparison with
the state before the polishing as shown in Fig. 5 at (a)
shows that the re-deposited particulates are removed away
perfectly, the angle 24 formed between the side wall of
20 the resist and the substrate surface (hereinéfter this
angle will be referred to as the taper angle) becomes
smaller when compared with the taper angle before the
polishing with the resist being retracted from the posi-
tion before the polishing. Further, a minute inclined
~ 25 surface 9 is formed at a corner portion of the rail and
has a size of ca. 1 pm in width with the height being ca.
0.5 uym. However, the width and the groove depth of the

rail undergo no change when compared with those before



15 .by the re-deposited particulates as well as unwanted

the-re-deposited particul ates dropped of f onto the magnetic disk
provi des obstacle to the read/ wite operation can be positively

prevented from

occurrence, whereby the magnetic di sk apparatus ensuring

20 high reliability can be realized for pr&#%ical applica- tions.
Furt her nor e,

a chanfered portion forned by a
curved surface
to the provisio
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manuf acturing a magnetic head slider according to the

shown in Fig. 1 at (g). At this time point, the floating
surfaces 1 of the individual magnetic heads are deformed
a little to a concave shape, as can be seen in Fig. 7 at
(a), due to strain encduntered in mounting on the jig or
due to stress encountered during the film formation. The
magnitude of such deformation is about 0.25 pm. A flat-
ness correcting polishing process for cofrecting or
cbmpensating the above-mentioned deformation will be
described below by reference to Fig. 8.

In Fig. 8, numeral 1 denotes a magnetic head,
25 denotes a head polishing jig, 22 denotes a rotatable
turn table and 23 denotes a polishing liquid. The mag-
nétic head 1 is mounted on the head polishing jig 25,
whereon the polishing of the floating surface 2 is car-
ried out for ten minutes or so while supplying the pol-
ishing liquid 23 to the rotating turn table 22. The
floating surface is polished by ca. 0.24 pum through the

flatness correcting polishing process, whereby the defor-

" mation of the floating surface is corrected to a plane

surface or a slightly convex surface, as is éhown in

Fig. 7 at (b). Furthermofe, the sectional shape of the
rail corner portion is such that the inclined surface 9
is slightly diminished when compared with that shown in

Fig. 6 at (a) with the width of ca. 0.5 uym and the height

phenonmenon t hat

m nute inclined surface or



present.invention, Fig. 2 is a view showing a magnetic 5 head slider
according to the present invention, Fig. 3 is aviewillustrating a

met hod of manufacturing a nagnetic head slider according to the present
invention, Fig. 4 is a conceptual view showi ng a re-deposited

particul ate renmovi ng polishing process Ztcording to the present 10

I nvention, Fig. ‘5 is an enlarged sectional view show ng a magneti ¢ head

lid di t i xSt I ' , Fi 6 | I d
ect i onal vi ew Shotfngd- 25 pRe RBGRE! PRoWBaIRSl tder Oabol ) noPEeRlRE FRPL
_ I | t ' 7sl | ti ' | t 15
mgnet | ¢ head STLOSF adcarhtdce /16 pALFRARACORIE LENGeYY 2V RISKRED, Bhg,
8 is a concept gl Mbei 3HO¥A I Pehbhfhs in th8CSEate' A8E! HBYiBALASHI BY

process, Fig. IS a vIiew II'Tustrating a method of manufacturing a
magnetic head guccétsfieh B86CEREI AlatRetSCchr L8601 nd N¥EIE sRIngFbocdlsi s a
20 view for illustrating a floating state of a magnetic head, Fig. 11
is a view shpw 6f theofYeatingasunfgee] i the indieiduslimasgné&hbenhéadst of ore
and a processing nethod for ‘the same, Fig. 12 is a view showing a
magneti ¢ head are fikedrtofthéechesad-bohéshinhapigkA6wehbeneinfBig, %ig. 13
25 is aviewillustrating a nethod of manufacturing a con- venti onal

magneti c head sfedeth@nechpaningt thereofFjghergon the protecting film is

formed on the floating surface through a sputtering or
CVD process. After the film formation, the magnetic

10 heads are removed from the head fixing jig 26 to be
finished, as shown in Fig. 2.

Sectional shape of the corner portion of the
rail of the magnetic head slider formed thrdugh the.
process described above is shown in Fig. 6 at (c). The

15 minute inclined surface 9 exists in the corner portion of
the rail. The inclined surface 9 is of such size that
the width thereof is ca. 0.5 um'with.the height being
0.25 pm. Further, the angle formed between the inclined

' surface and the floating surface is ca. 27 degrees and

20 the ratio of the area occupied by the inclined surface to
that of the rail is ca. 0.6%. The bottom surface of the
rail formed through the process described above presents
a surface roughness of ca. 0.2 ym or less. The rail
width as well as the rail groove depth'undergoes no.

25 change before and after the re-deposited particulate
removing polishing process.

As is apparent from the foregoing description,

by carrying out the re-deposited particulate removing



Is.a view showi ng rel ati ons between peripheral velocity and flying
herght of the magnetic head slider, Fig. 15 is

-..18 - an enl arged sectional view showi ng a magnetic head sli der
according to a second exenplary enbodi nrent of the present i nventi on,
~Fig. 16 is an expl oded sectional view showifg - a magneti c head slider
according to a third exenplary 5 enbodinent, Fig. 17 is an enlarged

sectional vi howi ' tic d,slid di f h
oxemplary | BB R PTess TR FF aFhantap Jhin 2 | BRATSST e BRow ng

tic head slid di ng. I ' '
10195 di agr amr TR SR Pt phy g dyes (B FAETRA tyatye SETDAGTRLL, (1O

20 is a diagranshouhl0e foating SLEELLL Gl BY FofofoR%shbPetEly; githS 2

concept ual - ~viewTlTustratTng formation of re-deposition, Fig. S
a di agram show g Il RGt&Ni K61 YREA sePrheabékydeSEfRed. BEOSLScaHE tRA

mlling rate, Fig. 23 is an enlarged sec- 15 tional view showi ng a
convent i onal 5 "e@hRplEtdeatimindeion of the re-deposition, there will

never take place such unwanted events that the projec-
tions constituted by the re-deposited particulates injure
the disk and/or the re-deposited particulates as dropped
off cause error to occur in the read/write operation. 1In

10 the case where the chamfered portion is formed in the
rail of non-linear shape, the flying height is within a
range of ca. 50 to 60 nm when the disk is operated at the
peripheral velocity ranging from 15 to 35 m/s, wherein
difference of the flying height between inner and outer

15 peripheries of the disk is decreased to ca. 10 nm, as can
be seen from Fig. 14. Thus, both the flying height and
the difference of the fiying height are suppressed to a
low level when compared with the case where there is
provided no chamfered portion. To say in another'way,

20 provision of the minute inclined surface can not only

| reduce the flying height but also suppress the variation
of the flying height ascribable to the difference in the
peripheral velocity between the inner aﬁd outer peripher-
ies of the disk, to an advantageous effect. Furthermore,

25 because the inclined surface is formed also at the air
stream exit end, shock between the magnetic disk and the
magnetic head upon starting/stopping of the magnetic disk

is mitigated while damage to both the magnetic disk and



’knp“h heretofore, Fig. 24 shows SEM phot ographs of pol - i shing cl ot hes,

and.Fig. 25.is a viewillustrating rela- . tions between pressures and
“magni t udes of defornmation of - polishing clothes. 20 BEST MODES FOR
CARRYI NG OUT THE | NVENTI ON : In the follow ng, the present -
I nvention w || be described in detail-i2¥ conjunction with exenplary
enbodi nents shown in the draw ngs. (Exenpl ary Enbodi nent 1) 25

A first I ' ' ' i i
by refergﬁggptgéﬁgéggggégggghggdtgg BLS&SQ%ed. %HXS?tbgniH%LélPEnS?%ﬁé'Ped
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magneti ¢ head eachi ngs of the present

venti on. The (RANCILGRBERd dsk apBEELdbOcherbNEaR! 52°pkob sEa! kN

magnetic disk apparatus in which the flying height is low
5  and scarcely undergoes variation, and ensuring thus high

reliability.

(Example 1 for Comparison)

A process for manufacturing a conventional

magnetic head slider of non-linear shape will be de-
10 scribed by reference to Fig. 13.

The steps up to the formation of the resist
mask are utterly same as those of the first exemplary
embodiment shown in Fig. 1 at (a) to (a). The ion mill-
ing is carried out under the cqnditions mentioned below.

15 1In the first step of the ion milling, argon is used as
‘the ion milling gas, wherein the flow rate is 10 sccm,
vacuum is 0.2 Pa, fhe beam current density is 0.8 mA/cm?,
the accelerating voltage is 900 V, the beam incidence
angle is 0°, and the process time is 430 minutes. In the

20 second step of the ion milling, argon is used as the ion
milling gas, wherein the.flow rate is 10 sccm, vacuum is
.0.2 Pa, the beam current Qensity is 0.8 mA/cm?, the
accelerating voltage is 900 V, the beam incidence angle
is 30°, and the process time is 140 minutés.

25 The re-deposited particulatés exist over the
side walls of the resist and the alumina-titanium-carbide

substrate after the ion milling mentioned above, as is



5 surface 2, rails 3 of non-linear shape formed on the floating

surface; tapered portions 4, a magnetic el ement 5, an elenent formng
‘portion 6, an air-stream entrance end 7, and an air-streamexit end 8
wherein a mnute inclined surface 9 is formed at a corner portion of
each 10 of the rails 3. A BBocess for manufacturing or
fabricating the magnet i c head slider according to the present I nvention
w ||l be described b referenc

9 and Fig. 19. shoy Fig. gag‘nm]m’ nlgﬁ:'gét gigaf?%?v?‘% nthgI J
el enents have b.eend;%x{:ge aé\regtl3 Qgg(jﬁjﬁ)&&glf@g@é bj del ndl@ éiat_e_ 13,

a plurality of &4 ar orne t1ng tHe substrate into

bl ocks each of DS b oc _
' dgjbn a 2€fg1ea?iﬂﬁ ock poI | S%I ng HOE1 S Hedd o PLoCKS pi8

fixedly nounte J]ig 20 to perform polishing

for ther ebygHdd M Nfhd Needt AN RN 86€ The WFEWENERY . magnetibe
head bl ocks 14 ‘are di sposed in arrays on a head bl ock fixing jig 18. A

si de el evatimnahedd e Ddet hfadhfsdt@fed throtughethd reshtdiet Sonel oprodess
magnetic elenent is shown in 25 Fig. 1 at (a). A protecting film15 is

formed on the is sidlvads nghowt f e eFg bys satit (k)i ngBy Gvmavindgethe ke
Process resist, a major part of the re-deposited articulates is
removed together with the resist. However, a part of the
re-deposited articulates is not removed but confinues to
10 remain on the floating surface, wherein the height of
such residual re—depesition is ca. 0.5 ym. The presence
of such re-deposited particulates existing on the float-
ing surface may scratch the magnetic disk upon start-
ing/stopping of the magnetic disk apparatus, which pro-
15 vides a cause for error. Furthermore, the re-deposited
particulates may drop off on the magnetic disk due to the
contact with the disk, which may provide a cause for
error. Furthermore, in the case of the magnetic head
slider of a low floating level, the height of a mass of
20 the re-deposited particulates may become comparable to
the flying height, which can significantly impede the
floating stability.
No inclined surface exists in the corner
portion of the rail of the magnetic head slider as manu-
25 factured by the conventional preCess described above.
Besides, the protecting film of the inclined surface has

a same film thickness at the end of the inclined surface

and at the center portion of the same. In that case, the



(b)., resist 16 is applied and a mask for manufacturing the rails is
f.ormed t-hrough lithography (c), the rail '
-20 - pattern of the resist are transferred to the al um na-
titaniun}carblde substrate by enploying the resist 16 as t he mask
materi al through an etching process, for ex@8m-  ple, the ion nmlling
process using an argon gas (d) 5 Figure 19 is a schematic

di h t K her et f In.Fig. 19,
unar a1 13 GenaPBECaR SHERRRE. Pl ShEUREL L BERESE IR L5 tace. TobSHnERRL: &

- speci men hol der Zgadeaoge a vacuun1punp, 30 denotes a specinen
exchangi ng cha 31°dénblés a 10 per manent nmagnet, 32 denotes a
sol enoid coil, 33 de5|g- _ nat es m crowave, 34 denotes a m crowave
oscillator, 35 denotes a gas introducing port, 36 designates plasnma,

and 37 denoiesepphbrouEmtbasmeades.) | n the apparatus now concer ned,
an ion mlling gas is supplied through the gas 15 introducing port 35,
whil e excitation of the plraserdfd exemplary embodiment of the present
5 invention is similar to the first exemplary embodiment so
far as the steps up to the formation of the rail by the
ion milling inclusive is concerned. The re-deposited
particulate removing polishing process is carried out
under the conditions mentioned below. lThe turn table 22
iO and the polishing cloth 17 each having a diameter of
300 mm are used, Qherein the chuck 21 and the turn table
22-aré rotated in the'éame direction at a speed of 20
rpm, the chuck 20 is oscillated with an amplitude or
width of 10 mm at an oscillation speed of 5 mm/sec under
15 application of the polishing pressure of 10 kPa at the
mean polishing rate of 80 mm/sec, a non-woven polyester
fabric is used as the polishing cloth 17 with water being
used as the polishing iiquid 23 and dropped‘or supplied
at the rate of 10 m¢/min. The polishing time is 10
20 minutes.

A sectional éhape of a corner portion of the
rail undergone the above-mentioned re-deposited particu-
late removing polishing process is shown in Fig. 15 at
(a). Comparison with the state before the polishing

25 shown in Fig. 5 at (a) shows that the re-deposited
particulates are removed away perfectly, the taper angle

24 becomes smaller wheh compared with the taper angle



’béhnb effectuated by the microwave 33, and ions are drawn out by the

~ pul'l--out el ectrodes 37 under acceleration for thereby irradiating the
speci nen for the processing thereof. By way of exanple, the ion mlling
may be 20 carried out under the conditions nmentioned bel ow. Argon IS
used as the ion nmilling gas, the flow rate3G -10 scem vacuumis 0.2
Pa, the,bean1current density is 0.8 nA/cn[err] - the accel erating
voltage is 900 V, _the eaml

Ve e 480 m meeere hae el {shE0E “wipe eBf that ft Pegh i nERerket, FESRSSS
TN 1S owiRy B9 PELEE b?;§'§eTﬁﬁé g8gLealape ofubbeerall &FH@eS .

formed i s shown™i eposi pafticula

exi st over the ﬂﬂeifhédd§u¥@ééé & f@fm at the corner portlon of the

- 21 - al um na- tltanlun}carglde su strate and t%e resi st
Accordingly, thespplishiRgsP506888 6£)chsS 1 pmPeAfRises PYeHSERE hB&ght

polishing cloth 17 in succession to the 1on mlling to thereby renove
the re-depos5t epeihgpeat i CLUOGR epmpr clifited thethe-deposeted paetiounlatél ing.

removing polishing process, the resist is removed, and
the block is delaminated from the head block fixing jig,
whereon the block is cut into individual magnetic heads 1
shown in Fig. 1 at (g). Additionally, the flatness

10 correcting polishing process is carried out for correct-
ing deformation of the head, similarly to the first
e#emplary embodiment. Sectional shapes of the rail
corner portion after the process are shown in Fig. 15 at
(b) and (c). More specifically, Fig. 15(b) shows a

15 sectional shape of the rail at a center portiqn of the
magnetic head, while Fig. 15(c) shows a sectional shape
of the tapered portion 4.of the magnetic head shown in
Fig. 2 in the vicinity of the air stream exit end.
Through.the flatness correcting polishing proéess, the

20 floating surface is polished away about 0.2 pm, as a
result of which the inclined surface produced by the
re-deposited particulate removing polishing process and
the protecting film are removed by the polishing with the
floating surface being made substantially flat, as is

25 shown in Fig. 15 at (a). However, in the vicinity of the
air stream exit end formed by the tapered end portion
polished to ca. 0.7 degree, the height is lower than the

floating surface about 2.4 pym. Thus, the tapered end



‘Ths'boljshing process in this conjunction wll be el uci- dat ed bel ow.

Figure 4 is a conceptual view show ng a pol - I shing process of the head
"block 14. In Fig. 4, refer- - 10 ence nuneral 14 denotes the head bl ock
nmounted fixedly on. a head block fixing jig 18, nuneral 21 denotes a
rotat - abl e chuck, 17 denotes a poli shi3lg <l oth pasted over the
rotatable turn table 22, and nunmeral 23 denotes a polish- i ng quuid

15 rocess, for novi n eposi t ed .particul ates
broduced in thePBERIGE b7 PAb FeHoRER| Ehgongh BRS' FeseeppaitRg pertEctS

{ﬁvﬂﬁﬁfihtﬁflFaéa%azééﬁﬁﬁi f°¥bI25BenE Brocess  "Eohbeg6RRE TS if et | 1°
Fig. 4, the ﬂéfﬁ ggoskstﬁéace uged £ & fthsﬁg bﬁﬁgksébéigﬂah!ghége's

nmount ed on the c and on a surtface o
polishing clothy,d7¢h@ Pslihﬁﬁss¥gse§ssg éﬁaﬁaéewhen céhbgfealwleﬂdthe

oscillationally in the radial direction of the turn table 22 while
bei ng pressed ageaBstbébereothehflathes80cerpbBtidgopbivhial pheceski shing
liquid 23 is sup- pli ed. The polishing process may be.

carried out, byshown in Fig. 15 at (a), as can be seen in Fig. 15(b).
In.succession to the flatness correcting polishing pro-
cess of the floating surface, a protecfing film is
formed, as described hereinbefore in conjunctioh with the

10 first exemplary embodiment, whereby the magnetic head is
finished. Sectional shapes of the corner portions of the
rail of the magnetic head slider formed through the
process described above are shown in Fig. 15 at (d) and
(e). More specifically, Fig. 15(d) shows a sectional

15 shape of the rail at a center_portion of the magnetic
head, and Fig. 15(e) shows a sectional shape of the rail
in the vicinity of the air stream exit end, similarly to
Fig. 15 at (c). As can be seen in Fig. 15 at (d), no
inclined surface exist in the corner portion of the rail

20 on the floating surface except for the tapered portion.
However; in the vicinity of the air stream exit end, a
minute inclined surface 9 exists in the.corner portion of
the rail. The inclined surface 3 is of such size that
the width thereof is ca. 1 pm'with the height being

25 0.002 pm. Further, the angle formed between the inclined
surface and the floating surface is ca. 0.1 degree, and
the ratio of the area oécﬁpied by the inclined surface to

that of the rail is ca. 0.1%. The bottom surface of the



‘way of exanple, under the conditions nentioned bel ow.
- 22 - The turn table 22 and the polishing cloth 17 have respec-
tive diameters of 300 nm the chuck 21 and the turn table 22 are
rotated in the same direction at a speed of 20 rpm the chuck 20 is
oscillated with an anplitude or 5 w dth -0f32l6- nm at the oscillation speed
of 5 nmm sec, the polishing pressure as applied is 10 kPa, the nean
pol i sh- n- woven %éeste fabric is used

n

as the pO|IShIn§a€iOFﬂrT§8 gﬂ%oﬁgglﬁg?ypEBHFﬁ Cgiged abogg.BrEEERLS

having particle_size 10 used as gollshlng

liquid 23 and d?oﬁﬁﬁgag? EﬂBanegnpg %Xg{&g?rgge o#ﬁforﬁf er%ﬁﬁn SThe
polishing tinme {Jé%%oas thdl P ¢S rzgseng %ﬁveﬂdg%xsét 86 EﬁQﬁgg p}a%rgn

carrying e rnvention exanpley one commer
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"Bakal ox CA" (from Bai kal ox Co.) (from Kanebo™ Ltd
the |ike havgngppogdsgace
As is apparent from the foregoing description,
by carrying out the re-deposited particulate removing
polishing process by using water as the polishing liquid
after the ion milling; the re-deposited particulates on
10 the side walls of the rail and the floating surface can
be removed completely, whereby occurrence of defect due
to the re-deposited particulates can be suppressed, as in
the case of the first exemplary embodiment. The inclined
surface formed through the re-deposited particulate
15 removing polishihg process carried out by using water as
the polishing liquid has a low height correspondihg to
1/100 or less of the height of the inclined surface
formed by using the diamond slurry as the polishing
liquid. As a consequence, the minute inclined surface is
20 removed except for the tapered portion through the suc-
ceeding flatness correcting polishing process. Conse-
quently, the area of the inclined surface is.extremely
small relative to the a?ea of the rail and thus léss
effective for enhancing the floating characteristics.
25 However, because the inclined surface is formed at the
air stream exit end, shock between the magnetic disk and
the magnetic head upon starting/stdpping of the magnetic

disk is mitigated, whereby the reliability of the magnet-



of .a rough-nap structure, as can be seen from SEM phot o- gr aphs shown
Ln'Fig. 24 at (a) and (b). The non-woven pol yester fabric features

hi gh susceptibility to deforma- 20 tion when conpared with polishing cloth
known as "suede- cloth" fornmed of foamed pol yurethane such as shown in
Fig. 24 at (c). Figure 25 133 view illustrating relations
bet ween pressures and nmagni t udes of defornatlon of pol- 25 |sh|ng cl ot hes.

As can be seen, ??%nnéﬁgé gtgglgggtge nh Brlgo bgg %%%% oes

remar kabl e defo%ﬁa when conpar RYSGe
"NF200". In caré¥kggt_ out the re- dep05|ted particul ate renDV|ng

pol i shi ng _ - 23 - process
according to the invention, it is desirable to use the non-woven

pol yester fabric which is easy to def orm because what is inportant is

that the polishirgemplarg! enbodanehe @d9formed so as to be brought into
sufficient 5 contact wwth the side walls of the rails formed through
A third exemplary embodiment of the present
5 invention is similar to the first exémplary embodiment so
far as the process up to the step of forming the rail by
the ion milling inclusive is concerned. The re-deposited
particulate removing poiishing prbcess is carried out
under the conditions mentioned below. The turn table 22
10 and the polishing cloth 17 each having a diameter of
N 300 mm are used, wherein the chuck 21 and the turn table
22 are rotated;in the same direction at a speed of 20
rpm, the chuck 20 is oscillated with an amplitude or
width of 10 mm at an oscillation speed of S'mm/sec under

15 application of the polishing pressure of 20 kPa at the
mean polishing rate of 80 mm/sec, a non-woven polyester
fabric is used as the polishing cloth 17 with water being
used as the polishing liquid 23 and dropped at the rate
of 10 m¢/min. The polishing time is 30 minutes.

20 _ A sectional shape of a corner portion of the
rail undergone the above-mentioned re-deposited particu-
late removing polishing process is shown in Fig. 16 at
(a). Comparison with the state before the polishing as

. shown in Fig. 5 at (a) shows that the re-deposited

25 particulates are removed away perfectly, the taper angle

24 becomes smaller when compared with the taper angle

before the polishing with the resist being retracted from



't he fon.milling process, for thereby renoving all the re- deposi ted

parti culates. Under the polishing condi- tions nentioned previously,
t he non-woven pol yester fabric is caused to deform sufficiently,
whereby the 10.polishing process is perfornmed in the state in which the
non-woven pol yester fabric is placed in conddct with the side wal | s of
the resist and the rail, as showmn in Fig. 1 at (f). A
sectional shap osited

f the.rail the. .15 above.mentioned re-d
ar i culat o r omSUPnBORLFLER. POEOrd, Hhel P14 EBPY L hERR tPREF: 6, mande )
Conpar i i th t : i shi hownin_Fi t
G anove eREYRnESFERRECAL 18 FokiBal e, Tk oRRet 1B c Bl LR e

perfect|y, the aaghcadd bETedohebugenchieose Al aeh v2in! el Galsghand

the substrate surtace ereinafter this ngle wll be referred t0 as

the taper angl ephehfgoBBRS 1.5 pmel | REtwhernheorBagedowhitBat partapanategl e
before the polishing with the resist being retracted fromthe posi-

tion before shergmbirihgngolishtihgr pracessyt ehencksned i2Sremoirade ands
formed at a corner portion of the rail and has a size of ca. 1 pmin
width with the kbeghlobki ig delaminaBGe8 [Erpm] theHbesdeblothke fukdng gad,t he
groove depth of the rail undergo no change when conpared with those
bef or e whereon the block is cut into individual magnetic heads 1
shown in Fig. 1 at (g). Additionally, the flatness
correcting polishing process is carried out for correct-

10 ing deformation of the head, as in the case of the first
exemplary embodiment. A sectional shape of the rail

' corner portion after the polishing process is shown in
Fig. 16 at (b). As can be seen in Fig. 16 at (b), the
sectional shape of the rail corner portion is such that

15 the curved surface 41 is slightly decreased when compared

- with that shown in Fig. 16 af (a) and has the width of
ca. 1.7 ym and the height of ca. 1.3 pm. This is because
the floating surface is polished only slightly. Further,
the protecting film remains in the sfate not polished.

20 In succession to the flatness correcting polishing pro-
cess of the'floating surface, a protecting film is
formed, as described hereinbefore in conjunction with the
_firét exemplary embodiment, whereupon fabrication of the
magnetic head is finished.

25 Sectional shape of the corner portion of the
rail of the magnetic head slider formed through the

process described above is shown in Fig. 16 at (c). A

minute curved surface 41 exists in the corner portion of



-

- 24 - . the polishing. After the re- dep05|ted partlculate renov-
ing-:polkshing process, the resist is renoved, and the bl ock is
‘del am nated fromthe head block fixing jig, whereon the block is cut
into individual magnetic heads 1 5 shown in Fig. 1-at (g). At this tine
point, the floating surfaces 1 of the i3&lividual magnetic heads are
def or ned ~alittle to a concave shape as can be seen in Fig 7 at

d t t ed
fjittd cur Ehg ERLT o:hf&}l?‘éﬁ H2e8%s' doak ?ﬁdsusP shEp Whatl oo
eformation i t
f or correctin; BguW183§n§§§¥§P|ng t e ‘a oveﬁ%e%§%§ﬁ§§E #gf?%% %Procezs

descri bed bel ow;b fer Fi Bat £ th b& E dedSpyigy al 1
denotes a nagne |§ @ad %ﬂ%gh%g dgggteg éohgadtpglﬁgﬁﬁng flg,eZZ enotes a

rotatable t ypR14ABRE sAR¢adR dBNehat B3fPehishbAag kisdeiad. 1T|2% nMaghe
netic head 1 is nmounted on the head polishing jig 25,

‘5 bottom surface of the rail formed through the process

T

described above presents a surface roughness of ca.

0.2 ﬁm.

| As is apparént from the foregoing description,
by carrying out the re-deposited particulate removing

10 polishing process after the ion milling, the re-deposited
particulates on the side walls of the rail and the float-
ing surface can be removed completely, whereby defect due
to the re-deposited particulates is suppressed, as in the
case of the first exemplary embodiment. Further, owing

15 +to the formation of the inclined surface at the corner
portion of the rail, as is in the case of the first
exemplary embodiment, floating characteristic is en-
hanced. Furthermore, because the inclined sqrface is
formed also at the air stream exit end, shock befween the

20 magnetic disk and the head upon starting/stopping of the
disk is mitigated, whereby the reliability of the magnet-

ic disk apparatus can be enhanced.

(Exemplary Embodiment 4)
A fourth exemplary embodiment of the present
25 invention is similar to the first exemplary embodiment so
far as the précess'up to the step of'forming the rail by

the ion milling inclusive is concerned. The re-deposited



‘WQefepnlthe polishing of the floating surface 2 is car- ried out for
‘ten.mnutes or so while supplying the pol- 20 ishing liquid 23 to the

‘rotating turn table 22. The floating surface is polished by ca. 0.24
pm t hrough the fl at ness correcting polishing process, whereby the
def or - mati on of the floating surfaee3bs-corrected to a plane

surface or a slightly convex surface, as is shown in 25 Fig. 7 at (b).
Furthernore, the sectional Sh%?&

Chat ¢ he | nel | MRF SUFHHRE Fenooing, BEFLTRITE BTRoTahelr ia tOmaTEd i th
Lgﬁéhts hown in un_derFI.'lgrie 6c§rgd1(.€:aor\1’\é. t:ﬁ‘eﬁ@fo%c?tkg#éw.c a'TIQ% ?tl%?. aﬁé’t&%@'[aze% ‘1m
051y ol one " i Yol hneE SO0 17 onch AL Wimeet opo)| s
20 Toa | o ST FEUSAE, DAL TS e cht ngobiauam pegmes,
t he head poldgSANOgid IrFbatdd@WMhn i théi §amd direction at 20 rpm, the chuck
20 is oscillated with an amplitude of 10 mm at an oscil-
lation speed of S mm/sec under application of the polish-
ing pressure of 10 kPa at the mean polishing rate of
80 mm/sec, a non-woven polyester fabxic is used as the
10 polishing cloth 17 with water being used as the polishing
liquid 23 and dropped at the rate of 10 me¢/min. The
polishing time is 10 minutes.
A sectionai shape of a corner portion of the
rail undergoné the above-mentioned re-deposited particu-
15 1late removing polishing process is shown in Fig. 17 at
(a). Comparison with the state before the polishing
shown in Fig. 5 at (a) shows that the re-deposited
particulates are removed away perfectly, the taper angle
24 becomes smaller when compared with the taper angle
20 before the polishing with the resist being fetracted from
the position before the polishing. Further, a minute
inclined surface is formed at the corner portionlof the
rail and has a size of ca. 1 um in width with the height
being ca. 0.002 pm. Further, the protecting film of the
25 inclined surface is cauéed to be thin in the thickness
due to the polishing'process. After the re-deposited'

particulate removing polishing process, the resist is

removed, and the block is delaminated from the head block



'fbg Eheicleaning t hereof, whereon the protecting filmis formed on the

floating surface through a sputtering or CVD process. After the film
formati on, the magnetic 10 heads are renoved fromthe head fixing jig 26
to.be finished, as showmn in Fig. 2. Secti onal shape of
t he corner portion of the rail of the md@retic head slider forned

t hrough the process described above is shown in Fig. 6 at (c). The 15

m nute inclined_surface,9 exists in,the, caorner_p i f o et rail. The
inclined surfac&™81P9 dt9¢ ¥RSLPIR thtbigcﬂt g %P t%ﬁfﬁe%ggﬁvﬁg%g%. 0.5 pm
wi th the height l.0g 5.p rthec.. .th gl gf or m he

I ncl i ned suP?géégéﬁdh?%géfﬂonggg éﬁr?&gé ?sggaﬁaﬁ7 dgggeggggﬁ %séo t he

ratio of the argg 9@6*&%50'peiikhenbnﬁkbeegssa_gf A6@ BArried! bak 9h tha g ail
is ca. 0.6% The Eotton1surface of "t he rail formed through the process

descri bed abovecpggsents a surface roughness of ca. 0.2 [err]mor |ess.
The rail width as well as the rail groove depth undergoes no 25 change
bef ore and abter the re-dahesiseertipwali Ghlayiee of thecmorney portsiuimef
process. As is apparent fromthe foregoing description,

by carryi ng out theerad¢ldefoshecanagaeticuhetd sdéaderngdormed through the

process described above is illustrated in Fig. 17 at (b),
wherein a minute inclined surface 9 exists. ' The inclined
surface 9 is of such size that the width thereof is

10 ca. 1 pm with the height being 0.002 pm. Additionally,
film thickness at the end of the inclined surface of the
protecting film formed on the floating surface is thin
when compared with that of the center portion of the
rail. Further, the angle formed between the inclined

15 surface and the floating surface is ca. 0.1 degree, and
the ratio of the area occupied by the inclined surface to
that oflthe rail is ca. 0.1%. The bottom surface of the
rail formed through the process described above presents
a surface roughness of ca. 0.7 pm. Neither the réil

20 width nor the rail groove depth undergoes any change
before and after the re-deposited particulate removing
polishing process.

As is apparent from the foregoing description;
by carrying out the re-deposited particulaté removing
25 polishing proceés by using water as the polishing liquid"
after the ion milling, the re-deposited particulates on
the side walls of the rail and the floating surface can

be removed completely, whereby defect due to the



- 26 - . pol i shing process after the ion mlling process, the
re-deposited particulates on the side walls of the rail and the
f1oating surface can be renoved conpletely, with the mnute inclined
surface being formed. Because of the 5 conplete elimnation of the
re-deposition, there will never take-pR&ce such unwanted events that
the projec- tions constituted by the re-deposited particulates injure

Lr:?gf‘ fidﬁz‘%?%«%*‘ %é}%ﬁ%ﬁ’mfﬂ s GRLALET S Py SRR e o m%%?%%e |
e To bOT G dhe 'PLIEE ddetifary ehBbayfnbdn rufORaRdE ol 14 "9
at the - peri fé ﬁ&a fr?‘i@'ﬂgciﬁ?é‘alé&@aéé &% SghahSs £hdr

e flying I ght t

di fference of t ween 1 nner and outer 15 perlpherles of
the disk is decfsw@wht@fcaxelﬂaﬂm @ £8Nin thdecsseof reme FEdrsd4. Thus,

both the flying height and the difference of the flying height are
suppressed t® sexemplawy | @wsbdivient cofpad etngd ¢ciatdaetessetidet® émere is
hanced. Additionally, because the inclined surface is
. formed at the air stream exit end as well, shock between
the disk and the head upon startinQ/stopping of the

magnetic disk is mitigated, whereby the reliability of

10 +the magnetic disk apparatus can be enhanced.

(Exemplary Embodiment 5)

A fifth exemplary embodiment of the present
invention will be described by reference to Fig. 1. The
fifth exemplary embodiment of the invention is similar to

15 the first exemplary embodiment so far as the process up
to the step of forming the resist shown in Fig. 1 at (c),
and the etching process described below is carrieq out.
In the fifth exemplary embodiment, the etching process is
realized by a reactive ion etching process (hereinafter

20 referred to also as the RIE). Figure 20 shows a high-
frequency induction type RIE apparatus known heretofore.
In Fig. 20, nuﬁeral 13 denotes an alumina-titanium-car-
bide substrate, 29 denotes a vacuum pump, 30 denotes a
specimen exchanging chamber, 35 denotes a gas introducing

25 port, 36 designates plasma and 38 denotes a coil. The
apparatus now concerned features a high plasma density

when compared with the prior art RIE apparatus. An



'p}ovided no chanfered portion. To say in anot her way, 20 provision of the

minute inclined surface can not only reduce the flying height but al
suppress the variation of the flying height ascribable to the
difference in the peri pheral velocity between the inner and outer
peri pher - ies of the disk, to an adva@%geous effect. Furthernore,

because the inclined surface is forned also at the air streamexit

end, shock between th ti i d t - i ¢c.head
tar ti ng) st oppl RECBINE HEaRaEReERY BheRUSh he one, TREFERLEAPEcPatTagE (o
both the magneti ¢ _di an - s . = 27 -

the nagnetig he%ﬁtpgéﬁ?eegﬂ?ﬁa.SThBETngyefﬁé EFIPXgaPR%Yl?g ﬁaEﬁg?rc head
sl i der accord'ngragg%ngypéfagggienggwgfoeo the 08021 88NGhi tedbSkiampar at us,

there can be provi

net I sk apparatus 1 n which the flying

height is low J,ppdgacasCabylvadetgoeheVaiibdtiate, aRHeeabyr ibgst A¥e hi gh

reliability.
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caused to impinge into the substrate to effectuate the
process. For the RIE précess, a mixed gas of SF6 gas and
argon is used, wherein the flow rate is 15 sccm, vacuum
is 0.5 Pa, the bias voltage is 500 V, and the process
time is 100 minutes.

The groove depth of the rail 3 formed in this
way is abdut 10 pm (é). The sectional shape of the rail
thus formed is shown in Fig. 18 at (a). The re-deposited
particulétes 19 exist over the whole side walls of the
alumina-titanium-carbide substrate and the resist.
Accordingly, the polishing process (f) is performed by
using the polishing cloth 17 after the RIE process, to
thereby remove the re-deposited particulates produced
during the RIE process. The polishing process is carried
out under the conditions mentioned below; as is in the
case of the exemplary embodiment 1. The turn table 22
and the polishing cloth 17 have respective diameters of
300 mm, the chuck 21 and the turn table 22 are rotated in
the same direction at 20 rpm, the chuck 20 is oscillated
with an amplitude of 10 mm at the oscillation épeed of
5 mm/sec, the polishing pressure is 10 kPa, the mean
polishing rate is 80 mm/sec, non-woven polyester fabric
is used as the polishing cloth 17, and a slurry contain-

ing diamond grains having a particle size of 0.25 pm on

SO

25



'f(Exahphe 1 for Comparison) - . : A process for nanufacturing a

conventi onal magneti ¢ head slider of non-linear shape will be de- 10
scribed by reference to Fig. 13. ' The steps up to the
formati on of the resist mask are utterly same as those of the first
exenpl ary enbodi rent shown in Fig. 1-at4Qa to (d). The ion mll-

ing is carried out under the conditions nentioned below. 15 In the first
-step of the ion mlli

The flow rate | S 1BveEsde 14 usod Hifh 1EoBPedrat BhESbeant obfr BACTRNG Ty |
is 0.8 nA/cn{erg%%l%O+%S%$g%ﬁg£§%2r%tiagmvg %gge s 900 V, the beam

i nci dence rocess is 430 mnutes. In the 20

second step of the ion ni?bgngec%gggglighgégdogsatggrbgg ﬁkkgbﬂgoga%he

wherein the flowrate is scCCm vacuum | eam current

density is 0.8 P§ifn$ﬁ§é}%oﬁgethe ab@@&eﬁéﬁéibﬂQdVPéLGGEOéftggopyitiEﬁ beam

I nci dence angl e he process tine is 140 m nutes.
" The re-deposit etapdr +efbl 8hgSpOXisShiNyeproBess is ShéenWeh!Bigl 1 beateSI st

and the alum na-titani um carbi de substrate after the ion mlling
nent i oned above(bas iGomparison with the state before the polishing as
shown in Fig. 18 at (a) shows that the re-deposited
particulates are removed away perfectly, the taper anglé
24 becomes smaller when compared with that before the
10 polishing, and the resist is retracted from the position
before the polishing. Further, a minute inclined surface
is formed at the corner portion of the rail and has a
size of ca. 1 pm in width with the height being ca.
0.5 pym. After thelre-deposited particulate removing
15 polishing process, the resist is removed, and the block
is delaminated from the head block fixing jig, whereon
the block is cut into individual magnetic heads 1 shown
in Fig; 1 at (g). Additionally, the flatness correcting
polishing process is carried out for correcting deforma-
20 tion of the head, as in the case of the first exemplary
embodiment. The sectional shape of the rail corner
portion after the polishing process is shown in Fig. 18
at (¢). The sectional shape of the rail corner portion
is such that the inclined surface is slightly redﬁced
25 when compared with that shown in Fig. 18 at (b) with the
- width of ca. 0.5 pm and the height of ca. 0.25 um, as
shown in Fig. 18 at (c). The floating‘éurface is pol-

ished only slightly. Further, the protecting film re-



. 28'

mi]ing,

& shown in Fig. 5 at (a). The resist is renoved after the

whereon the block is cut into individual sliders (f). Thus,

i on

S the magnetic head slider 1' is fin- i shed. The sectional shape of the
rail of the magnetic 5 head slider manufactured through the conventi onal

process
a nmaj or
the res

removed but cormaingsin cthe stakRiPHP?

hei ght

is such as shown in Fig. 5 at @B) - By renoving the

~part of the re-deposited articulates is renoved together wt
i st. However, a part of the re;qﬁggsited articul ates, i s,_not
s

of

at i HYy SUFFIREONNE? eFi 1 he

resi st,

h

of Such 1 e depcti T THCIRGE OBt Y B fihity prbesd of Mg BRoNCe

I ng surface

may scratch th
di sk appar at us,

re-depo

| evel ,

sited
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ro a cause for error. Furt'herm)re, t he

error.

t- of a mass of
The sectional shape of the corner portion of

the rail of the magnetic head slider formed through the
process described above are shown in Fig. 18 at (d). The
minute inclined surface 9 exists and has such size that
the width of the inclined'surface 3 is ca. 0.5 um wifh
the height being 0.25 pm. Further, fhe angle formed
between the inclined surface and the floating surface is
27 degrees, and the'ratio of the area occupied by the
inclined surface to that of the rail is ca. 0.6%. The
bottom surface of the rail formed through the process
described above presents a surface roughness of ca.

0.2 ym or less. The rail width as well as the rail
groove depth undergoes no change before and after the
re-deposited particulate removing polishing process.

As is apparent from the foregoing description,
by carrying out the re-deposited particulate removing
polishing process after the RIE, the re-deposited
pérticulates on the side walls of the rail and the float-
ing surface can be removed completely, whereby defect
ascribable to the re—deﬁosited particulates is sup-
pressed, as in the case of the first exemplary embodi-
ment. Further, owing to the formation of the inclined

surface at the corner portion of the rail, as is in the

ef%%ﬁr&%csﬁf%%geﬁﬁeéf@'ﬁééting £1 119/ 54 0PRSS Of ag hge DBIGNEL i C
' - 6o O -th
ot et o shsgihon oo ki1

contact with Fhe ,
FurthernDre,slq%i C&mSo@iméhe, eeeibe tisddnagneBic desadfia fomidhedti ng

the heig



;iQafhe re-deposited particul ates may becone conparable to the flying

hei‘ght, *which can significantly inpede the. floating. stability.

*No inclined surface exists in the corner portion of the rail of the
magneti c head slider as manu- 25 factured by the conventional process
descri bed above. Besides, the protectid®g<dilmof the inclined surface
has a sanme filmthickness at the end of the incIined surface and
at the center portion_of the same. In that case
- 29 - boF&%%n %ﬁr?%%efiﬁsi: h%"?'aﬂ-a’ﬁi’e?éh‘?@l‘ae’é'ﬁrfﬁt‘:‘éanﬂghﬁEégac'

of ca. 0.7 [err A second

exenpl ary embod ﬂﬁh?tb? ?ﬂéEﬁ?ggﬁﬁ?Xcggb tgﬁ?ﬁ%ﬁ&?EeSiﬁ??%?s?otPﬁe first
exenpl ary e”bOdiH@finé8l§urfa£%£ st5pﬁe§t§95tﬂg égrtggrégﬁ iQneﬁédEQe

rail by th usive Is concerne eposl
well, shock between the disk and the head upon start-

5 ing/stopping of the magnetic disk is mitigated, whereby
the reliability of the magnetic disk apparatus can be

enhanced.

INDUSTRIAL APPLICABILITY
According to the invention, the re-deposited
10 particulates adhering to the floating surfaces of the
rails can be completely removed; and moreover the stabil-
ity of the floating attitude can be enhanced owing to
provision of the minute inclined surfaces. Thus, the
magnetic disk apparatus of high reliability can be real-

15 ized.



:péptfcuhate renmovi ng polishing process is carried out under the

coridi ti ons nentioned below. The turn table 22 10 and the polishing—etoth
> 17 each having a di aneter of 300 mMm are used, wherein the chuc 21 and

the turn table 22 are rotated in the sane di recn“ﬂ““mu ‘ﬂ f 20
rpm the chuck 20 is oscillated with an anpf8tdde or mm at
an oscillation speed of 5 nm sec under 15 applicatioh df he po |sh|ng

pressure of 10 kPa at the mean pol i shi rate of 80 nm sec, a non-woven
pol yest er fabric is used as the pollsﬂPg ®loth 17 with water bei ng
used as the polishing liquid 23 and dropped or supplied at the rate of
10 nferr]/mn. The polishing tine is 10 20 m nutes. - A

sect i onal shape of a cor ngf f ngq ey
above-nenti oned re dep03| J&%aréﬁkﬁ)méﬁﬁﬁaquée Vi n ol1's |ng process'

h Fi
s shoun in Fi gnald g(n?tatcﬁ?iaaw Qe drigdRed e rRp{-arigiddie

polishing 25 s ) shows that the re-deposited
particul ates ar earlqrg)ve%a&*a@te&erzfeectlw,tﬂ&e aftes’ thedlrdils ake &R

smal | er when conpared with the taper angle
5 in a floating surface through reactive ion etching or

sputter etching or ion milling process, poiishing is
carried out.
2. A method of manufacturing a magnetic head as
set forth in claim 1, characterized in that in said

10 polishing step, polishigg is performed by using a polish-
ing liquid containing abrasive grains.
3. A method of manufacturing a magnetic head as
set forth in claim 1, characterized in that in said
polishing step, polishing is performed by using a polish-

15 ing liquid containing no abrasive grains.
4. ' A method of manufacturing a magnetic head as
set forth in claim 3, characterized in that said polish-
ing ligquid is water.
5. A method of manufacturing a magnetic head as

20 set forth in claim 1, characterized in that polishing
cloth is used in said polishing step.
6. i A method of manufacturing a magnetic head as
set forth in claim 3, characterized in that said polish-
ing cloth is non-woven fabric.

25 7. A magnetic ﬁead slider including rails of non-
linear shape, characterized in that inclined surfaces or

curved surfaces are provided at corner portions of rails



*-030“- € before the polishing mnth the resist being retracted from

t he .posi-ti on before the polishing. Further, a minute I nclTned SUTface
-is formed at the corner portion of the r ai

[etr]min width with the hei ght 5 being ca. O. OOB"m m’n',ﬁﬂﬂg ,lﬂ

re-deposited particul ate renovi ng pol4 s ng protess, tthe resis

renoved, and the block is delam nated fromthe head bl ock fixing jlg

whereon the block is_cut i %g i ndi vi dual._magneti c heads 1 shown in Fig.

1 at (g). AdditferEefyintfe PQFﬁEgssufé 88rrect|ng pol i shing process is

d out f t t | ar] h
et °:exe%?a?§r§ﬁbodﬁw Ha38 Mol Ehaln. SaT B prip 1o g,
: t t t h

Cpeci fical 1y, Fg. CheffiReRlies O ehly (rxidpof axee poyuBRad) Bl o' e

center portion 9f-ihgeq suEEQBEE'thEEQ Wb b8 El9radabCrosheua Bc§ﬁﬁﬁbﬁna|
shape of the tapered portion 4 of the nagnetic head shown in 2

in the V|C|nstngfthéerailssiéeﬂﬂtegréaeéd than 1bg&ough the flatness
correcting pO|IS i ng process, the
A magnetic head slider as set forth in claim
7, characterized in that said inclined surface or curved
surface has such a size that width is not greater thén
1 pm and height is not greater than 0.008 um and that
10 ratio of area dccupied by thé inclined surfaces on the
curved surfaces to area occupied by the rails is not
greater than 10%.
16. A magnetic head slider including rails of non-
linear shape, characterized in that thickness of a pro-
15 tecting film in the vicinity of a corner portion of a
rail on a floating surface is thin when compared with
thickness of the protecting film at a cenfer portion of
the rail.
11. A magrnietic disk apparatus, characterized in

20 that the magnetic head slider as set forth in any one of

claims 7 to 10 is mdunted.



'iQ*fioating surface is polished away about 0.2 pm as a result of which

thé-inctined surface produced by the re-deposited particul ate renoving
= pol ishing process and the protecting film'are renoved by the polishing
with the floati ng surface being nmade substantially flat, as is 25
shown in Fig. 15 at (a). However, in the-vi48imity of the air stream
exit end fornmed by the tapered end portion polished to ca. 0.7 degree,
the height is | ower than the floati rf.ace about 2.4 pm Thus, the
t apered end ABSTRACY - 31 - portion is

not renoved through the_rg?ggpgaggfg?pgégééﬂg?iFﬁg g?%@iéﬁﬂB¥E99P?8LiShing

process. Consequently, in cl ni stream ex end, the

sectional shapgiuced Airidlf 4R &tHMISS IS HANY EndRiSE FOREEEUs ¥4 48 t he
5 state before the flatness correcting polishing process shown i n Fig.

15 at (a), as Caiy beoseeiy & dritutd didmfered porSisieessiPoLishihg fl at ness

correcting polishing pro- cess of the floating surface, .a protecting

filmis 5 process is carried out by using polishing cloth such as
non-woven polyester fabric after having formed rails of
non-linear shape on a floating surface by the etching
process. Thus, the re-deposited particulates produced
during the etching process are removed, whereby the

10 reliability of the floating characteristic of magnetic

head is improved.



forned, ras described hereinbefore in conjunction with the 10 first

exenpl ary enbodi nent, whereby the nagnetic head is finished. Sectional
shapes of the corner portions of the rail of the magnetic head slider
formed t hrough the process described above are shown in Fig. 15 at (d)
and (e). More specifically, Fig. 15(d) shows a sectional 15 shape of
the rail at a center portion of the magnetic head, and Fig. 15(e) shows
a sectional shape of the rail in the vicinity of the air streamexit
end, simlarly to Fig. 15 at (c). As can be seen in Fig. 15 at (d), no
inclined surface exist in the cor ortion of the rail 20 on the
floating surface except for the tgga(gﬁ pprtion. ‘However, in the
vicinity of the air streamexit end, a m nute inclined surface 9 exists
in the corner portion of the rail. The incliped surface 3 is of such

si ze that the width thereof is ca. 1 [errImwith thhe hdiht being 25
0.002 [err]m Further, the angle forned betmeen t)he i nclingd surface
and the floating surface i fti o of the area
occupi ed by the id@j)ned s ng ca, ,0.1% The
bottom surface of the ~14

(b)

(f)

) © 1




- 82.- ¢ rail formed through the process described above presents
a.surfate roughness of ca. 0.7 pm The rail width as wel |l as the rai

" groove depth undergoes no change before and after the re-deposited
particul ate renovi ng polishing 5 process. - : As i s apparent
fromthe foregoing description, by carrying out the re-deposited
particul ate renoving pol i shing process by using water as the polishing
liquid after the ion mlling, the re-deposited particulates on 10 the
side walls of the rail and the floating surface can be renoved

conpl etely, whereby occurrence of defect due to the re-deposited
particul ates can be suppressed, as in the case of the first exenplary
enbodi ment. The inclined surface formed through the re-deposited
particulate 15 renoving polishing process carried out by using water as
the polishing Iiquid has a | ow hei ght ﬁlégp@ndi ng to 1/100 or |ess
of the height of the inclined surface formed by using the dianond
slurry as the polishing ~liquid. As a consequence, the mnute inclined
surface is 20 renoved except for the tapered portion through the suc-




‘ceedi.ngifl at ness correcting polishing process. Conse- gquently, the
area of -the inclined surface is extrenely small relative to the area
-of the rail and thus |ess effective for enhancing the floating
characteristics. 25 However, because the inclined surface is formed at the
air streamexit end, shock between the magnetic di sk and t he magnetic
head upon starting/stopping of the magnetic disk is mtigated, whereby
the reliability of the magnet- - 338 -
ic di sk apparatus can be enhanced, to an advant ageous effect.

(Exenpl ary Enbodi nent 3) : A third exenplary enbodi nent of the
pr esent 5invention is simlar to the first exenplary enbodi nent so

far as the process up to the step of _formng the rail by the ion
mlling inclusive is concerned. The pQyi ted particul ate renoving
polishing process is carried out

(a)

(b) | 14

20

(€)




unger the conditions nmentioned below. The turn table 22 10 and the
pol i shing cloth 17 each having a dianeter of 300 mm are used, wherein

- the chuck 21 and the turn table 22 are rotated in the same direction at
a speed of 20 rpm the chuck 20 is oscillated with an anplitude or
width of 10 mm at an oscillation speed of 5 misec under 15 application of
the polishing pressure of 20 kPa at the mean polishing rate of 80

nm sec, a non-woven pol yester fabric is used as the polishing cloth 17
wi th water being used as the poliiﬁ" li,quid 23 and dropped at the
rate of 10 nferr]/mn. The polish h&gL is 30 mnutes. 20
A.sectional shape of a corner portion of the rail undergone the
above-nentioned re-deposited particu- | at e renoving gqllshlng process
is shown in Fig. 16 at 19 - arjyson with the, state'before the
pol i shing as shown in Fig. 5 at e-deposited 25
particul ates are renoved a 4 becones
snmal | er when conpared W trs=tdem=ag e pol 1shing with

FIG. 5
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- 384 - the position before the polishing. Further, a mnute

. cutved surface 41 is fornmed at the corner portion of the rail and has
ca size of ca. 2 [errlmin width with the height being ca. 1.5 [err]m
After the re-deposited particul ate 5 renovi ng polishing process, the
resist is renoved, and the block is delam nated fromthe head bl ock
fixing jig, whereon the block is cut into individual magnetic heads 1
shown in Fig. 1 at (g). Additionally, the flatness correcting
polishing process is carried out for correct- 10 ing deformation of the
head, as in the case of the first exenpl ary enbodi ment. A secti onal
shape of the rail corner portion kégkr@;pxﬂishing process i s shown
in Fig. 16 at (b). As can be seenin Flg. 16 at (b), the

sectional shape of the rail corner portion is such that 15 the curved
surface 41 is slightly_decreased when conpared with that shown in Fig.
16 at (a) and has the w dth\of ca. 1.7 pmand the height of ca. 1.3
[err]m This is because t he fﬂ&iting surface is polished only
slightly. Further, ‘the p ting filmremains in the state not
polished. 20 In succession ¥0O\the flatness correcting polishing pro-
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‘cess’of sthe floating surface, a protecting filmis formed, as

descri bed hereinbefore in conjunction with the first exenplary

-enmbodi nent, whereupon fabrication of the magneti c head is finished.
25. Secti onal shape of the corner portion of the rail of the
magneti c head slider fornmed through the process described above is
showmn in Fig. 16 at (c). A m nute curved surface 41 exists in the
corner portion of - 35 - t he
rail. The inclined surface 3 is of such size that the width thereof is
ca. 1.7 [errlmwi th the height being 1.3 [err]m Further, the ratio of
the area occupi ed by the inclined surface to that of the rail is ca.

1.2% The 5 bottom surface of the rail hrough the process
descri bed above presents a surface rougﬁiﬁég?o ca. 0.2 pm

As is apparent fromthe foregoing description, by carrying out the
re-deposited particul ate renoving
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= 10 pol j shing process after the ion mlling, the re-deposited

particul ates on the side walls of the rail and the fl oat- I ng surface

“tan be renoved conpl etely, whereby defect due to the re-deposited
particulates is suppressed, as in the case of the first exenplary
enbodi ment.” Further, owng 15 to the formation of the inclined surface at
t he corner portion of the rail, as is in the case of the first
exenpl ary enbodi nent, floating characteristic is en- hanced.
Furt hernore, because the inclined surface is fornmed also at the air
stream exit end, shock between the 20 magnetic di sk and the head upon
starting/stopping of the disk is mtigated, whereby the reliability of
t he magnet - i c disk apparatungﬂEib nhanced. - (Exenpl ary
Enbodi ment 4) A foukt X | ary enbodi nent of the present
25 invention is simlar to the first exenplary enbodi nent so far as
the process up to the step of formng the rail by the ion mlling
i nclusive is concerned. The re-deposited




- 36.- particul ate renoving polishing process is carried out under
thé-conditions nentioned below The turn table 22 and the polishing
-cloth 17 each having a dianmeter of 300 nm are used, wherein the chuck
21.and the turn table 5 22 are rotated in the sane direction at 20 rpm

t he chuck 20 is oscillated wth an anplitude of 10 nm at an oscil -

| ati on speed of 5 nm sec under application of the polish- i ng pressure
of 10 kPa at the nmean polishing rate of 80 nm sec, a non-woven

pol yester fabric is used as the 10 polishing cloth 17 with water being
used as the polishing liquid 23 and dropped at the rate of 10
nerr]/min. The poIiFf]i@'-t is 10 m nutes. ' A
sectional shape of a corner portion of the 2Yai | undergone the
above-nentioned re-deposited particu- -15 |ateg renoving polishing process
is shown in Fig. 17 at (a). Compari i ¥h the state before the

pol i shi ng shown in Fig. 5 at (a) - -deposited

particul ates are renoved away perfecy | e 24 becones
smal | er when conpared with the tapef ore the polishing with
the resist being retracted from 3i tidn before the polishing.
Further, a minute ' -




inelined surface is formed at the corner portion of the rail and has a

size of<ca. 1 [errlmin width with the height being ca. 0.002 [err]m
- Further, the protecting filmof the 25 inclined surface is caused to be

thin in the thickness due to the polishing process. After the

re- deposited particul ate renovi ng polishing process, the resist is

renoved, and the block is delanminated fromthe head bl ock

- 37 - fixing jig, whereon the block is cut into individual

magneti c heads 1 shown in Fig. 1 at (g). The flatness correcting

polishing process is not carried out in this case. 5 The

sectional shape of the corner p i 3i the rail of the magnetic head

slider formed through the pﬁF&&éﬁ_ ésribed above is illustrated in

Fig. 17 at (b), wherein a mnute inclined surface 9 exists. The

i nclined surface 9 is of such size that the width thereof is 10 ca. 1

pmw th the height being 0.002 pm Additionally, 5 13

/
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fil:m-thitckness at the end of the inclined surface of the protecting
fi.Fm fornmed on the floating surface is thin when conpared wth that of
‘the center portion of the rail. Further, the angle fornmed between the
inclined 15 surface and the floating surface is ca. 0.1 degree, and

the ratio of the area occupied by the inclined surface to that of the
rail is ca. 0.1% The bottom surface of the rail formed through the
process descri bed above presents a surface roughness of ca. 0.7 pm
Neither the rail 20 wdth nor the rail groove depth undergoes any change
before and after the re-deposited particulate renoving pol i shi ng
process. As is apparent fromthe foregoing description,

by carrying out the re-deposited particulate removing 25 polishing
process by using water as the polishing |iquid after the ion mlling,
the re-deposited particul ates on the side walls of the rail and the
floating surface can be renoved c%ggletely, wher eby defect due to the
- 38 -
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“re-deposited particulates is suppressed, as in the case of the first
exenpl ary enbodi nent. Furthernore, owing to the formati on of the
.inclined surface at the corner portion of the rail, as is in the case
of ,the first 5 exenpl ary enbodi nent, floating characteristic is en-
hanced. Additionally, because the inclined surface is formed at the

air streamexit end as well, shock between the di sk and the head upon
starting/ stopping of the magnetic disk is mtigated, whereby the
reliability of 10 the magnetic di sk apparatus can be enhanced.

(Exenpl ary Enbodi nent 5) Afifth Fgﬁ@glaﬁy enbodi nent of the
pr esent invention wll be described by refele wt 5& g. 1. The

fifth exenplary e i men he invention is simlar to 15 the first

exenpl ary enbodi ment/so far as

he procegzaup to the step of formng
the resist shown in Fig. 1 at (c\ .

the etching process descri bed

below is carried out. In the exenpl ary enbodi nent, the etching
process is realized by a redcN ve ion ching process (hereinafter 20
referred to also as the RIE). a high- frequency
i nduction type RIE apparat us2ih re.
15
| - 15
b (C) |
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“In.Fig.» 20, - nurmeral 13 denotes an alum na-titani umcar- bi de
substrate, 29 denotes a vacuum punp, 30 denotes a speci nen exchangi ng
. chanber, 35 denotes a gas introducing 25 port, 36 designates plasma and 38

depotes a coil. The apparatus now concerned features a high plasma
density when conpared with the prior art R E apparatus. An

- 39 - etching gas is fed through the gas introducing port 35 wth
the plasna 36 being excited by applying a high- - frequency electric
power to the coil 38 while a bias voltage is applied to the substrate,
whereby ions are 5 caused to in!thﬁ i:LG%the Substrate to effectuate the
process. For the RIE process, a m g f SF6 gas and argon i s used,
wherein the flowrate is 15 sccm vacuum is 0.5 Pa, the bias voltage is
500 V, and the process time is 100 mnutes. 10 The groove
depth of the rail 3 formed in this way is about 10 pm (e). The
sectional shape of (@) rail 16 ' :
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“thus formed is shown in Fig. 18 at (a). The re-deposited particul at es
19: exi st over the whole side walls of the al um na-titani um carbi de
.substrate and the resist. 15 Accordingly, the polishing process (f) is
per fornmed by using the polishing cloth 17 after the RIE process, to
t hereby renove the re-deposited particul ates produced during the RIE
process. The polishing process is carried out under the conditions
mentioned below, as is in the 20 case of the exenplary enbodiment 1. The
turn table 22 and the polishing cloth 17 have respective dianmeters of
300 nm the chuck 21 and the turn table 22 are rotated in t he sane
direction at 20 rpm the chuck 20 is oscillated with an anplitude of
10 mm at the oscillation speed of 25 5 misec, the polishing pressure is
10 kPa, - the nean polishing rate is 80 mi sec, non-woven pol yester
fabric is used as the polishing cloth 17, and a slurry contain-
i ng di anond grains having a_particle size of 0.25 pm on
o - FIG. 17

(@ 16

15
13

(b) |

15
13




“an: average is used and dropped at a rate of 10 nferr]/mn. The
Jpotishing tinme is 10 m nutes. The sectional shape of a

. corner portion of the rail undergone the above-nentioned re-deposited
patrticu- 5 late renoving polishing process is shown in Fig. 18 at

(b). Conparison with the state before the polishing as shown in Fig.
18 at (a) shows that the re-deposited particul ates are renoved away
perfectly, the taper angle 24 becones smal l'er when conpared with that
before the 10 polishing, and the resist is retracted fromthe position
before the polishing. Further, a mnute inclined surface is formed at
the corner portion of the rail and has a size of ca. 1 [err]min width
wi th the hei ght being ca. 0.5 [err]m After the re-deposited

particul ate renoving 15 polishing process, the resist is renoved, and the
bl ock is delam nated fromthe head block fixing jig, whereon t he
bl ock is cut into individual magnetll:g@adfﬁ shown in Fig. 1 at (g).
Additionally, the flatness correcti'™n . | i shing process is carried out
for correcting deforma- 20 tion of the head, as in the case of the first
exenpl ary (au‘oodi ment. The sectional shape of the rail b rner

portion after e polishing process is shown in Fig. 18 ( ()

©) 9 ) 9
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“at :(C).«The sectional shape of the rail corner portion is such that the
in¢lkined surface is slightly reduced 25 when conpared with that shown in
-Fig. 18 at (b) with the " width of ca. 0.5 pmand the height of ca. 0.25
pm. as shown in Fig. 18 at (c). The floating surface is pol - i shed

only slightly. Further, the protecting filmre-

- 41 - mains in the state not polished. In succession to the
floating surface correcting polishing process of the floating surface,
a protecting filmis formed, as de- scri bed herei nbefore in conjunction
with the first exem 5 plary enbodi nent, whereby the magnetic head is
fini shed. : The sectional shape of the corner portion of

the rail of the magnetic head slider formed through the process

descri bed above are shown in Fig. 18 at (d). The m nute inclined
surface 9 exists and has such size that 10 the width of the inclined
surface 3 is ca. 0.5 pmwith = the height being 0.25 pm Further, the
angl e forned

FIG. 19
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“between the inclined surface and the floating surface is 27 degrees,
.and the ratio of the area occupied by the i nclined surface to that of
the rail is ca. 0.6% The 15 bottomsurface of the rail fornmed through the
process descri bed above presents a surface roughness of ca. 0.2
pmor less. The rail width as well as the rail groove depth undergoes
no change before and after the re-deposited particul ate renoving

pol i shing process. 20 As is apparent fromthe foregoing

descri ption, : arsyyhng out the re-deposited particul ate renoving
pol i shi ng procesngkﬁF Z\Q RIE, the re-deposited pégt I cul ates on the

side walls of the rail and the fl oat- I ng surface n be renoved
conpl etely, whereby defect 2F ' E ' pay ti cul at es

IS sup- pressed, as in kj S R AN LR AT enbodi -

ment. Further, owing to the : . ; rface at the
corner portion of the rail, ej"
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“cas€ . of rthe first exenplary enmbodi nent, floating charac- teristic can

be:enhanced. Furthernore, because the inclined surface is fornmed at the
.ale streamexit end as wel I, shock between the di sk and the head upon
start- 5 ing/stopping of the magnetic disk is mtigated, whereby t he
reliability of the magnetic di sk apparatus can be enhanced.

| NDUSTRI AL APPLI CABI LI TY ' According to the invention, the
re-deposited 10 particul ates adhering to the floating surfaces of the
rails can be conpletely renoved, and noreover the stabil - ity of the
floating attitude can be enhanced owing to provision of the mnute

i nclined surfaces. Thus, the magneti ¢ di sk apparatus of high
reliability can be real- 15ized.

CLAI M5

FIG. 22
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1At A met hod of manufacturing a nagnetlc head havi ng a magnetic
head slider conposed of non-linear rails, characterized in that after
.the rails are forned 5 in a floating surf ace t hrough reactive ion etching
or . sputter etching or ion mlling process, polishing is carried
out. 2. A nmet hod of manufacturing a nmagnetic head as set
forth-in claiml, characterized in that in said 10 polishing step,
polishing is performed by using a polish- ing liquid containing

abr asi ve grai ns. 3. A met hod of manufacturing a magnetic head as
set forth in claiml, characterized in that |n sai d pol i shing step,

polishing is perforrred by usi ngfnm ?Q ing liquid containing no

abr asi ve grai ns. b manuf acturing a magnetic head as
set forth in claim3, characterlzed in that said polish- ing liquidis
wat er . 5. A nmet hod of manufacturing a magnetic head as 20 set
forth in claim1l, characterized in that0 ol ishing . cloth is used in said

pol i shing step. ATretrothgako anufaﬂgurlng a magneti c head as
set forth in cla(en)s ‘characterized in ol i sh-
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fiilqciudlng rails of non-

g clpth i S non-wov 25 7. A magnetic head slider
- near shape, characterized in that inclined
" surfaces or curved surfaces are provided at corner portions of rails
- - 44 - formed in a floating surface. 8. A magnetic head
“~slider as set forth in claim 7, characterized in that ratio of area
©_occupi ed by the I nclined surfaces on the curved surfaces to area
.occupied 5 by the rails is not greater than 10% 9. A magnetic
.~head slider as set forth in claim . 7, characterized in that said
““inclined surface or curved surface has such a size that width is not
© greater than 1 pmand height is not greater than 0.008 pmand that 10
ratio of area occupied by the in !(EP %2 aces on the curved surfaces
to area occupied by the rails is greater than 10% 10. A

magnetic head slider including rails of non- | i near shape,
characterized in tSuat t hi ckness of a pro- )

&
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™5+ecting filmin the vicinity of a corner portion of a rail on a
ﬂ’eal ng surface is thin when conpared with t hi ckness of the protecting
figmat a center portion of the rail. 11. A magnetic di sk
appar atus, characterized in. 20 that the magnetic head slider as set forth
i m any one of claims 7 to 10 i s nounted.

FIG. 25
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